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ABSTRACT 
The object of this thesis is to investigate the feasibility 
of predicting Nitrate Nitrogen concentrationsiin a ~iver draining a 
rural watershed on the basis of available survey information. 
The survey information chosen is the set of parameters: land-use, 
geology,season and discharge state. Observations of a sample of 
17 springs and23 field drains for 52 weeks show that high N03-N 
values are associated with arable land, areas of clay, the early 
winter season and with high discharge events. For springs only the 
effect of geology is discernable. The most notable effect is of 
arable land, particularly on Gault clay. These relations are tested 
for 10 stations on the river network using seasonal mean values 
which are based on 52 weekly observations. The relations are shown 
to be the same at the larger scale, and the variable'%area in 
arable use on Gault'explains over 70% of the total sum of squares 
of N03-N observations. The regression developed for 10 stations is 
used to predict seasonal mean values for 26 other stations. These 
are compared with means based on 52 weekly observations.These show 
that the model is unsuccessful in reproducing the effects of 
sewage works but is adequate in other respects. The use of a 
stochastic generator to reproduce weekly values is explored and 
rejectedbecause no suitable probability function can be found. 
A weekly discharge model is employed instead. This fails to reproduce 
antecedence effects, but the other relations are upheld at this time 
interval. At both the site and the basin scale this thesis shows the 
overriding effect of arable enterprises on Gault clay, though all the 
other factors individually are significant. 
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The object of this thesis is to investigate the feasibility of 
* predicting Nitrate Nitrogen concentrations in a river draining an 
agricultural watershed, using existing infor~ation about the river 
and its basin. 
Nitrate Nitrogen concentration is chosen as an important 
water quality parameter in relation to domestic and ecological 
uses. Nitrates are derived from two principal sources, by the 
oxidation of organic sewage and by the leaching of soil. It is 
suspected that concentrations are increasing because of changes in 
the behaviour of the second source (Tomlinson, 1970). This is 
of particular interest because, for all practical purpo~es, it is 
beyond control. Moreover, the prediction of Nitrate Nitrogen 
concentrations in basins dominated by the second source involves 
an entirely different and more complex set of problerns frorn those 
dominated by.the first. 
It can be considered that three sorts of rnodels can be used to 
predict Nitrate Nitrogen concentrations; rna ss balance models 
physical models of runoff and leaching and statistical models. 
Mass balance models are appropriate where a srnall number of 
discrete sources dorninate the budget. Quantitive measures are 
* In this thesis, Nitrate Nitrogen is the Nitrogen existing in the 
form of the Nitrate (N03 - -) ion in aq ueous solution and is expressed 
as a concentration of Nitrogen in mg per litre or p. p. m. 
13 
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required of amounts and rates of Nitrate Nitrogen enterirg, leaving 
I 
or existing within a river system. Knowledge of any two allows the 
third to be estimated by the continuity equation. 
These models are likely to be useful therefore for urban 
rivers, but not for rural ones where Nitrates derive from a mult-
tude of non-point sources (Owens, 1970) whose discharge cannot 
. 
be measured. 
One of the most ambitious attempts to model water quality is that 
undertaken as part of the Trent Research Programme (Ne~some et al. , 
1972; Water Resources Board 1973; Miller am Short 1972). This 
involved a mass- balance model which proceeds from the headwaters of 
the river system to the downstream limit adding together all the inputs 
and discharges and considering sequentially and individually the effects 
on flow and water quality. Corrections are included for non- conservative 
parameters such as Ammoniacal Nitrogen. The Model uses annual mean 
I 
values of quality variables and flow for all the calculations. Relations 
between mean and per centile values have been determined for all the 
major substances (Porter and Boon, 1971). 
The use of mean annual data involves difficulties with predicting 
extreme conditions, such as at low flow, when mean-percentile relations 
may not be reliable.' However, Brewin et al (1972) state that water 
quality conditions in the Trent can be estimated for changes in the 
normal calibration ~onditions resulting from: 
15 
increased or decreased flow from effluent treatment works; 
improvement or deterioration in the quality of effluent discharges; 
the use of river retention lakes; 
further abstractions; 
changes in use by power stations; 
alterations to calibration functions and constants; and 
changes in mean annual natural river flow. 
This model goes a long way towards overcoming the problems 
associated with previous work in spite of the initial use of crude data. 
Problezns of linearity and stationarity are overcome and water quality 
variables are predicted directly froxn inforznation on the znajor sources 
of supply. In addition an entire basin is considered and temporal 
changes accommodated. The Trent Programme provides large amounts of 
good qualit y data which ensures the success of the predictive mod.e!. 
The Trent basin is heavily populated and the river supplies water 
" 
to many users as well as receiving the effluent from a large number of 
domestic and industrial sources. The main problems of water quality 
xnanagexnent therefore, are related to waste products received at large 
point inputs. Under these circumstances the mass balance model can 
operate successfully. For basins in which diffuse sources predominate 
it may be necessary to adopt a different ~odelling procedure to maintain 
the advantages of the Trent model. Mass balances are generally not 
calculable becaus e of lack of information on volumes of water from such 
sources as field drainage and groundwater seepage. Furthermore, the 
controls on concentrations of particular solutes are complex. Agri-
i .' ..... _'. : . . . '.' _ . _ . . . .. . . . . . .. .. . 
cultural basins provide conditions under which point sources are of less 
importance than diffuse sources. The Trent model applies to highly 
urbanised watersheds and would be of little use in a rural basin when 
Nitrate Nitrogen is considered. 
Physical models of runoff are being developed which are based 
10 
on spatially distributed soil parameters (Kirkby, 1975). The possibility 
exists of these being extended to include solution effects but, physically 
based models of leaching have not yet been applied to runoff models at 
any but the smallest scale (Hewlett, 1975). Leaching of Nitrates involves 
complex chemical reactions and although Gardner (1965) has developed 
a predictive model for leaching of Uitrates, it is not yet possible to apply 
it except to laboratory experiments. 
Physical laws are known which describe the behaviour of water 
with reasonable certainty under particular conditions but for hydro~ogical 
phenomena the scale and complexity of natural systems often prevents 
their use. Even with the aid of digital computers it is first necessary 
to consider predictive modelling with the use of purely empiral 
relations and stochastic simulation techniques. Nash and Sutcliffe 
(1972) des cribe thi s problem for modelling of stream flow and their 
arguments can be extended to water quality. 
The effects of a single point source on river water quality can 
often be predicted using equations of flow for instance. Where a set 
of sources are arranged throughout a basin and are operating irregularly 
the uncertainty in the flow equations, even assuming that volumes and 





In a rural watershed the majority qf water and hence, it is as sumed, 
at least a significant proportion of dis solved load of a river moves 
from natural drainage systems in the soil and rock and from artificial 
field drainage systems. Gardner (1968) presents equations describing 
movement of Nitrogen in soils. His models describe the effects of 
diffusion and convection of solutes in soil water and the effects of 
reactions with soil material. He also considers the problem of leaching. 
Gardner states that considerable uncertainty exists' in the use,of these 
equations. The distance Nitrates move down and out of the soil depends 
on the amount of water passing through, not on the amount of rainfall. 
The former is extremely difficult to measure. It is also necessary 
to consider the distribution of Nitrogen in the soil an~.!he soil moisture 
status before precipitation. Models such as Gardner's are not applicable 
where boundary conditions are unknown and hydrological properties are 
extremely variable over short distances. Such are normally the con-
ditions in reality. 
Hydrological runoff models using the crudest physical soil, para-
meters have still not been successfully developed (Nash and Sutcliff, 
1972; Kirkby, 1975). The application of models based on soil parameters 
. 
to predict water chemistry has not been attempted beyond the type of 
. .
study illustrated by Gardner and it is unlikely that his approach will . 
be extended to river basins even if suitable models of leaching can be 
developed. The application of such models to drainage basins would 
involve an enormous number of pararneters but it is considered (Kirkby, 
, 
18 
1975) that a workable model should have no more than Ii ve to ten 
parameters. 
Therefore.it appears at present that any successful model 
at' the basin scale must be based on statistical relations between 
Nitrate Nitrogen roncentration and some other variables, or on the 
statistical structure of ser.ies of concentration values. 
Natural hydrological systems are so complex that no exact laws 
have been discovered that can describe completely and precisely hydro-
logical phenomena. Systems can be approximated es sentially by 
simulation in various degrees of complexity from deterministic to 
probabilistic, to stochastic. Because of the uncertain~y involved in 
hydrological system behaviour the most suitable simulation is probably 
by a stochastic model, in which the behaviour of the system and the 
processes which take place in it are considered to vary with a 
sequential time function of the probability of occurrence. In such 
L /--
a model the hydrological phenoulenon changes with tinle in accordance 
with the laws of probability as well as with the sequential relationships 
between its occurrence. 
The recent developments in stochastic simulation in hydrology have 
had limited application to problems of water quality. Thornes and 
Clarke (1975) in a review of work on such problems which use stochastic 
modelling techniques cite only that by Tomann (1970) which could be 
I 
used to pr~dict water quality variables on the basis of processes 
J .. "":-.. .. . .. . . . .. . . .. -.' 
, 
operating in a ~asin. Edwards and Thornes (1973) have also attempted 
to reveal underlying causal mechanisms in water quality relations but 
they have no satisfactory physical model (Dowling, 1974). Most work 
has been concerned simply with the statistical properties of data series. 
Predictions of water quality variables are generally based on 
statistical relationships. with discharge, employing various, simple 
mathematical models. Successes have been reported with such 
models but the actual relations between Nitrate Nitrogen concentrations 
and discharge vary enormously. In some cases a positive correlation 
is obtained, in others negative, and in others no correlation at all 
(Feth, 1966). Walling and Webb (1974) ani (1975) have begun to 
investigate the temporal and spatial changes in water quality in more 
detail but without attempting predictive statements. 
Most predictions are for water quality variables at individual points 
in rivers. At the simplest level are the studies such as those of 
Tirabassi (1971), Edwards (1973) and Durum (1953) which employ 
linear regres sion techniques and line fitting by the method of least 
squares. Ledbetter and Gloyana (1964) attempted an improvement 
by applying log transformations with variable exponents to the usual . 
hyperbolic relations. Hart et al (1964). discussing Ledbetter ~nd 
Gloy .nals paper, suggest that their technique can be further 
improved by a method of separating flow components such as 
surface runoff and seepage. Similar models are employed 
by'Steele (1972). Johnson et al (1969) and Hall(1970). Each employs 
19 
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line fitting tech~iques, and success in specific situations is 
reported. 
There are many models in the use of these techniques (Amorocho 
and Hart, 1964). Water quality-discharge relations are probably non-
I 
linear and in the case of Nitrates many biotic and aboitic factors 
control supply. Therefore, the short period observations on which 
many of these studies are based, and which provide data amenable 
to conventional statistical analysis, are unlikely to be useful generally. 
There has been a call for water quality studies to be concerned 
with entire basins as management problems are rarely related to 
problems at a point ( Sherwani 197.1, Ledger, 1972). Methods for 
predicting water quality variables at more than one pOint in a river have .. 
been developed by Dixon and Hendricks (1970) and Faulkner (1972). 
Faulkner's study of dissolved oxygen is concerned largely with modelling 
deoxygenation and reoxygenation rates. Dixon and Hendricks (1970) 
consider dissolved oxygen, temperature and salinity as three represent-
ative water quality parameters. Using coupled Fourier functions they 
model these through space and time for· a river network. Both studies 
encountered the problems of lack of data for large river networks. 
In using the approach of linear regression against independent 
variables there are two principal problems. The first is selecting 
independent variables which describe the basin characteristics 
r 
comprehensively and which are available at little cost. The main 
reason which precludes the use of physically based models is 
the enormous amount of data which would be .needed to describe even 
a basin of modest size, but in using regression the problem is one 
of chosing suitable variables. 
The obvious types of information to use for basins in rural 
areas are those which already exist, such as large scale surveys of 
soil type, vegetation, land-use and geology, and hydroznetric 
information. 
21 
The second and more important problem~S establishing the validity of 
the independent variables in terms of a theory of Nitrate supply to 
rivers. Studies already exist of the regression of values of Nitrate 
concentrations in river water against percentage area of various 
land uses in basins. (Haith, 1976; Shannon and Brezonik, 1972) 
which assuzne that the structure of the regression model and the 
value of the calibrated coefficients have a physical reality. However, 
the basic preznise of this thesis is that to use a regression model 
for prediction and management it is first necessary to test the 
validity of the independent variable~ and the coefficients against an 
established theory. A second purpose of this thesis is ·to develop and 
test such a theory prior to developing a regression model. 
Kohnke in 1941 described runnff chemistry as an undeveloped branch 
of soil science. It is undoubtedly true that this is so at the present 
tizne. In recent years there have been significant advances in the 
.developznent of hydrological znodels. Hydrologists have been c'oncerned 
alznost exclusively with predicting stream flow and developing suitable 
physical or operational models. Relatively little attention has been 
paid to problems of water quality. 
Nash and Sutcliff (1972) advocate, at the present state in the 
development of hydrological prediction, the design of empirical runoff 
models which are based on soil parameters. They regard the use of 
stochastic techniques as an important part of design with the 
incorporation of more deterministic elements when the sensitivity 
and reliability of empirical models have been tested. Similar develop-
ments are required in the modelling of runoff chemistry. The point is 
that at present in water quality studies a reliable theory needs to be 
established and an empirical statistical model needs to be tested 
before more physically based models can be developed. What follows 
is an attempt to develop a predictive statistical model -for Nitrate 
Nitrogen concentrations in a river draining a rural watershed (that 
of the River Rother in West Sussex and eastern Hampshire, Englan~) 
t~ 
which is based on a physical 1 7., and which may eventually be used 
with a runnff model to produce one of water quality. 
The choice of Nitrate Nitrogen is justified in Part 2 which is 
22 
a general treatment of the role of Nitrogen in water. The processes which 
operate within the Rother basin to control Nitrate Nitrogen concentrations 
in the river are considered as a sub-set of all the processes which could 
affect Nitrogen in the environment. Therefore, the basin is described 
f . 
. -"I 
in general terms in Part 3 and then an assessment is made in Part 4 
of the behaviour of the types of source of Nitrate Nitrogen which are 
found in the study area. Part 4 ends with a set of general hypotheses 
about the concentrations of Nitrate Nitrogen to be found in the Rother 
basin.' In Part 5 the independent ,variables in a regression model are chosen 
and, on the basis of Parts 2,3 and 4, a set of specific hypotheses are 
made about their relation to Nitrate Nitrogen concentrations. 
In Part 6 the methods of obtaining data are des cribed. The 
hypotheses are tested in Part 7 using a set of controlled observations 
23 
of springs and field drains. In rivers Nitrate Nitrogen concentrations are 
affected also by sewage and the behaviour of sewage works is described 
in part 8, before rivers are considered. In Part 9 the hypotheses are 
re-examined against observations of Nitrate Nitrogen in rivers which 
represent the effects of uncontrolled variables. The relations betwecn 
the observations and the independent parameters are expressed by means 
of a regression model. Parts 10 and 11 consist of attcmpts at a predict-
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CHEMISTR Y OF NITROGEN 
Nitrogen appears in nature in the form of a chemical compound 
or as a dia.tomatic molecule. There is a Nitrogen Cycle whereby a 
more or less steady state is set up for chemical transformations 
between the inorganic Nitrate, Nitrite and Ammoniurn ions and a 
number of organic compounds the most important of which are the 
proteins. The transformations are largely by biological agents. 
Molecular Nitrogen dissolved from the atmosphere can be converted 
to organic compounds by certain Nitrogen fixing bacteria and algae. 
Most plants use Nitrogen compounds. In rivers and lakes these are 
derived from various sources such as land runoff and effluents. In 
addition Ammonia is releas ed by decomposition of organic materials and 
this may be used by plants for re- synthesis, back to organic Nitroge,n. 
The Ammonia may also be oxidised to Nitrites and Nitrates by organ,isms 
which use the reaction as an energy source under aerobic conditions. 
Under anaerobic conditions Nitrates may be reduced by heterotrophic 
bacteria to Nitrites and N2 gas (Fig s 2i and 2ii) 
o 
Nitrogen gas has a solubility in water of about 15 mg!l at 20 C. 
This concentration is higher than that normally found for other Nitrogen 
25 
species. However molecular Nitrogen is very stable and can be considered 
chemically inert. It is generally of little direct biological importance. 
Reduction ofNltrogen to organic Nitrogen incorporated into cells 
takes place under the influence of certain bacteria, notably Azotobacter 
... 
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and Chloridium species, autotrophic bacteria, various phytosynthetic 
bacteria and a number of blue-green algae. The process is very slow and 
Dugdale and Dugdale (196Z) show that under natural conditions in lakes 
a period of seventy days would be required to double the supply of 
Nitrogen. In running water the same effect would be observed only if 
the rate of flow were such that the residence time for the algae in 
the water were at least this long. 
Ammonia is very soluble in water and acts as a weak base. It takes 
part in many reactions and exhibits significant sorbtion properties. 
Complexes with metal ions can be formed but in natural waters the effect 
is small. The Ammonium ion exhibits a strong tendency to replace mono-
valent cations in exchange reactions. It can also become fixed within 
the lattices of clay minerals and remains relatively inert in this state. 
In natural conditions of surface water, with near neutral pH, 
Ammonium Nitrogen is converted to other forms mainly through biological 
action. It may be incorporated into the organic Nitrogen fraction of . 
autotrophic and heterotrophic organisms or it may be oxidised to Nitrite 
bacteriologically. Oxidation in rivers and most lakes generally goes 
to completion with the formation of Nitrates. 
Nitrite Nitrogen is :r;~~tl'.er unstable and is readily reduced or oxidised. 
Nitr ites can be reduced in water by Sulphides or Ferrous ions. The major 
I 
routes of conversion at the neutral pH of most surface waters are biological 
oxidation to Nitrates under aerobic conditions or reduction to N Z under 
anaerobic conditions. 
Nitrates are very soluble in water. No poorly soluble salts 
exist and they are not readily absorbed. In addition they are relatively 
non reactive under the conditions found in natural waters. The major 
factor influencing their transition is biological action including 
incorporation into organic matter by both autotrophic and heterotrophic 
organisms. 
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Organic Nitrogen is formed and degraded primarily by biological 
action. The commonly recognised farms of organic Nitrogen are proteins 
and protein derivatives, purines and pyrimidines and urea. Nitrogen in 
urea is highly available biologically but much organic.~Htrogen is 
considered refractory, being released extremely slowly. 
Fig. 2 ii shows the steady state conditions thought to exist in a. 
typical body of water with respect to Nitrogen (AWWA Committee Report, 
1970). Few studies of nutrient cycling in running water have been 
carried out (Haynes 1970) and although the transformations are by the 
same mechanisms it is not yet possible to give a comparable estimate 
for rivers. The situation in rivers should not be very different from 
small lakes except that aerobic conditions will prevail. In addition 
sediments.:will be disturbed a great deal more and therefore tend to 
release more Nitrogen, so that this sto re may be more active in river 
environments. 
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Fruh (1968) in his review of nutrients in freshwater points out 
that in eutrophication studies many conclusions cannot be accepted at 
face value because Nitrogen determinations were limited to the Nitrate 
concentrations in the water. However, in rivers which are not very 
badly polluted, the Ammonium and Nitrite species are quickly oxidised 
and the majority of dissolved Nitrogen, apart from the gas, will be in 
the Nitrate form. 
It is highly likely that a river will remain saturated with respect 
to molecular Nitrogen throughout its length as there is a constant turn 
over of water. However, the critical species for the movement of Nitrogen 
in a river like the Rother, is Nitrate. Therefore, attention has been 
confined to Nitrates. 
THE ROLE OF NITROGEN IN WATER 
Particular stress has been laid on the influence of Nitrates on 
phytoplankton growth because of their limiting supply. Conditions which 
govern the growth of organisms are extremely complex. Phytoplankton 
are influenced by the available sunlight and other physical factors such as 
turbulence am temperature. There are chemical factors controlling 
growth such as the supply of other nutrients and tie presence of toxins. 
In addition there are biological factors due to the influence of one 
organism ori tre grow~h of others: Nutrient factors are emphasised, 
not because the importance of the, others is underestimated but, because 
they are for all practical purposes beyond control. Moreover, in a great 
. 
. .. .. . - .. .. .. .., . 
.. 
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many situations the other factors remain constant and changing ecological 
parameters are directly related to changing nutrient supply. 
Viets (1961) argues, for higher plants, that On the basis of the 
relative number of atoms needed for growth, Nitrogen is at the top 
of the list of those that corne from soil or fertilisers (Fig. 2iii). In 
lakes and rivers Hydrogen, Carbon and Oxygen are in good supply 
and Nitrogen is the main element, along with Phosphorus, which is 
most likely to be in limiting supply in neutral waters (Hutchinson 1957, 
Fruh 1967,1968, Gerlo£fandSkoog 1937, Sawyer 1962, Chu 1943,. 
Juday and Schloeman 1938, for example). This study is concerned only 
with Nitrogen. 
Knowledge of the effects of nutrients is still so poor that numbers 
and types of algae or higher plants which will develop under given 
conditions cannot be predicted (AWWA Committee Report 1966). Sawyer 
(1947) gives a specific concentration of inorganic Nitrogen for lakes 
in South East WisconSin, above which nuisance conditions can be expected 
(O.3 mg/I.). However, it is clear that specific limits cannot be given. 
Total or "available" Nitrogen is rarely measured and some algae can fix 
gaseous Nitrogen and obtain it from bacteria (Fruh 1968) 
Many examples exist which show clearly the effects of eutrophication 
J 
particularly by sewage effluents. Minder's (1943) study of 
Z urichsee illustrates that Nitrogen from sewag c effluents has 
caused seasonal blooms of algae, principally of the blue-green 
variety. Hasler (1947) lists thirty seven lakes in Europe and the 
o • o· 'United States whim ·have changed. from bejng oligotrophic to 
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Fig ~iii 
The relative number of atoms in the essential elements of Alfalfa 
at bloom stage (log scale), 
after Viets, 1961. 
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eutrophic during the last century, generally under the influence 
of sewage effluents. This is an increasing problem because 
of the growth of population and the changing techniques and demands 
of agricultural practices. 
Rivers present a much more subtle ecological problem and very little 
work has been done on algae in running water. Where rivers flow through 
areas rich in IUtrates algal growth increases (Oliff et. al. 1955). The 
abundance of filamentous algae below sewage outfalls is well recorded. 
Butcher (1932, 1947) showed that algal communities above sewage 
outfalls were dominated by Locconeis spp. and Ulvella spp. whil e 
dQ~ 1\ sh-enl'\'\ 
1 7 , Cromphonema, Nitzchua and Stigeoc1onium become dominant. 
Zimmerman's (1961, 1962) experiments on artificial channels, although 
primarily on the effects of current velocity do show the importance of 
water quality on algal community structure in running water. 
Haynes (1970) considers that plants take up Nitrates in streams and 
maintain low concentrations. This is dubiou~ simply because Nitrate 
levels recorded in streams and rivers are rarely low except where they 
drain areas of natural vegetation. Very little is known about the influence of 
nutrients on higher plants in rivers but it is well established that channels 
very rich in plants can reduce the dissolved Nitrate content of the water 
passing through them. Rivers constitute a nutrient rich environment 
because running water prevents the accumulation of shells of depleted water 
around organisms. Odum (1956) considers that polluted streams are the 
areas of highest primary production on the planet for this reason. But, 
in rivers generally algal blooms or the growth of large stands of higher 
plants are not recorded because of the unstable nature of the environment. 
Only in small channels under low flow conditions are relatively large 
masses of vegetation observed. Few studies of rivers in England have 
mentioned the role of plants in utilising Nitrogen. Owens' (1970) study 
of the River Great Ouse shows a discrepancy between observed nitrogen 
load and that estimated. He attributes this to possible uptake by plants. 
However, his information is not ne"arly precise enough to do this. 
NUTRIENT ASSOCIATED PROBLEMS 
The major problems caus ed by Nitrogen in its role as nutrient is 
through influencing the g~th of phytoplankton in lakes. Eutrophication 
generally results in increased primary production and in the most severe 
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cases "blooms" of algae. When such large masses of algae die and decompose 
they impose a great demand on the oxygen content of the water. Such demands 
can severely affect fish populations and produce foul odours. Gorham (1961) 
reports that toxins produced by blue-green algae had harmful effects on 
humans. Some evidence (Tisdale 1931, Veldee 1931, Dillenberg and 
Dehnel 1960) indicates a relation between algae and gastroenteritis but 
the relation is not proven and ill effects may be due to associated' 
bacteria. In some human beings bacteria can produce Nitro"samines. 
which are carcinogens, from Nitrates. Evidence has been presented that 
where the water supply contains abnormally high Nitra~e content (20-25 mg/l, 
N03 -N) the death rate from gastric cancer is also high (Hill et. al. 1973). 
A problem of great importance is the effect of algae on Water 
Treatment Plants. Large numbers of aquatic plants may affect colour 
and turbidity, but these effects are eliminated by filtration. However, 
decomposition products are often highly coloured and produce offensive 
tastes and odours. "The blue-green algae are notorious for their pig-
pen odours in water supplies" (AWWA Committee Report 1966). 
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One of the most common problems as sodated with algae is the 
clogging of filters. Palmer (1962) reports that in extreme cases the water 
required to backwash filters is greater than the amount of filtered water. 
The effects of algae on recreational facilities in lakes are receiving 
greater attention. Apart from the effects on fishing, o~her higher animals, 
invertebrates and plants can be affected so that the whole lake environ-
ment changes. Boating and swimming facilities ll1ay be affected by 
development of littoral weed and filamentous algae. 
The role of phytOplankton in rivers has been less explored than that 
of rooted plants (Downing 1968). Their presence is unlikely to present 
problems of severe deoxygenation in r.ivers to the same extent as rooted 
plants and only in very densely vegetated stretches of channel will higher 
plants cause such conditions. JIynes (1960) points out that the density 
of vegetation in rivers is much smaller than on land and is often grossly 
overestimated. 
A further problem associated with Nitrates in drinking water, which 
has received much publicity is that of cyanosis (blue babies) in infants 
.. 
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fed with water having a moderately high concentration. Nitrate is con-
verted into Nitrite in the infant stomach, which in the circulation oxidises 
the ferrous form of haemoglobin to ferric, with the production of meth-
aemoglobin Comley (1945) The USPHS drinking water standard is 
10 mg/l N03-N. Few cases of cynosis have been reported from public 
water supplies but where there are small private extractions from ground 
water it can present a problem. In the United States there are nnny such 
abstractions and George and Hastings (1951) report twenty seven public 
supplies in Texas regularly containing over 50pprn. of Nitrate (= 12mg/l 
(\nd bo1.c"",,~ rt s....c.k :,v ("\,1,c..$ 
NO -N)k Several deaths have been reported in the United States recently. 
3 . 
Occasional high levels of Nitrate are reported in Britain where public 
supplies are from ground water (Green and Walker 197~)but no deaths. It is 
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The area studied is -the basin of the River Rother in West Sussex 
and eastern Hampshire above Iping Weir, where the Sussex River Authority 
, ~ bo..s,~ (\len 
operate a flow gauging station (Fig 3ii). I(is 153.6 sq. Km. in .... 
GEOLOGY 
Of fundamental import'ance in understanding the geography of the 
area are the geological structure and lithology. Topography, 
hydrology, soil, land use and settlement are each intimately related 
to geology and thus a systematic description of the area is necessary 
in order to put this study of Nitrates into a regional context. 
Only Cretaceous and recent rocks are represented in the area. 
They are, with their approximate thicknesses, as follows (based on 
British Regional Geology, The Wealden District (Fourth edition), 1965). 
CHALK up to 400 m. 
UPPER GREENSAND 30 to 40 m. 
GAULT up to 60 m. 
LOWER GREENSAND 
Folkestone Beds 50 to 90 m. 
Sandgate Beds 15 to 50 m. 
Hythe Beds o to 40 m. 
Atherfield Clay 10 to 20 m. 
/ 
WEALD CLAY up to 500.rn. 
The Wealden anticlinorium dominates the overall geological structure 
with flexures, arranged en echelon, being important locally (Fig, 3 i) 
• 
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They produce significant westerly extensions of the Weald Clay out-
crop and routh westerly bulges of the outcrops of the Lower Greensand, 
Gault Clay and Upper Greensand .. There are no important faults in the 
area. 
The rocks of the area are principally sandstones, clays and chalk. 
Weald Clay, the lowest member of the Cretaceous series represented, 
outcrops in the centre of the Fernhurst and Harting Coombe anticlines 
(Fig. 3ii). It consists of siltstones and mudstones with subordinate-
sandstones, limestones and clay ironstones. 
The Lower Greensand is predominantly arenaceous but subsidiary 
amounts of silt and clay are present. Chalk, ironstone, and calcareous 
material also occur. There are four main lithological divisions, 
Ather£ield Clay, Hythe Beds, Sandgate Beds and Folkestone Beds which 
exhibit considerable variability within themselves. The Ather£ield 
Clay consists of shales and mudstones which weather to brown mottled 
clays. 
The Hythe Beds consist of fine grained glauconitic sand and 
sandstone. The lower part forms a transition to Atherfield Clay which 
contain::; considerable silt and clay. In the upper parts the sands 
are hardened to beds of compact nOn- calcareous sandstones with sub-
ordinate lenticular beds of chert. 
The Sandgate Beds are ferruginous clayey sands. They exhibit 
considerable variability. In the study area the Bargate Beds are well 
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developed and these are characterised by lenses of pebbly calcareous 
sandstone. The top of the sandstone beds between Petersfield and 
Midhurst, the Pulborough sand rock, is a silty micaceous sandstone. 
The highest member is the grey shales, the Mareshill Clay. 
The Folkestone Beds consist of predominantly coarse grained, 
poorly consolidated sands with seams of pebbles and clay. Veins and 
doggers of hard ferruginous sandstone are found. 
The Gault is the lowest member of the Upper Cretaceous Series. 
With the Upper Greensand it forms part of a single sequence which 
is at its thickest in this area. The term Gault is applied to the more 
argillaceous facies and Upper Greensand to the arenaceous. A few 
. . 
feet of silts and sands are commonly found at the bas e. of the Gault 
which generally consists of dark, blulish-grey clays and silty mudstones 
with occasional bands of phosphatic nodules. 
The Upper Greensand shows great lithological variability over 
the study area. Poorly consolidated siltSones occupy the lowest part 
of the formation in transition from the Gault. Overlying these are 
predominantly sandy beds which contain small amounts of silt and clay. 
The top of tl}e Upper Greensand in places consists. of a clayey sandstone 
with glauconite grains, in other places a quite impermeable hard "blue" 
rock. 
Chalk is a soft,' white, friable limestone consisting of 95% calcium 
carbonate. There are three main divisions, Lower, Middle and Upper, 
•.. 
~ _....... 
- ~ _ .. - .. . . . -
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which exhibit great lateral uniformity. In the Lower Chalk a considerable 
amount of argillaceous and arenaceous material is present, particularly 
in the lowest beds. Upwards the Chalk becomes purer gradually ani 
more thickly bedded and hard bands are formed. 
The Middle Chalk is also a pure, massive rock with a hard, yellowish 
streaky marl layer at the base, the Melbourne Rock. In the top thirty 
feet flints and beds of nodular chalk also occur. The bulk of the Upper 
Chalk consists of soft, white rock with flints and with beds of hard, 
nodular chalk near the base • 
. 
Superficial deposits are widespread but rarely thick. Head 
deposits are confined to the Hammer Catchment (Fig. 3i). These 
rubbly beds are principally a mixture of debris from the Hythe Beds 
and Weald Clay Sandstones. They extend from the Hythe Beds escarpment 
over the lower clay areas. 
River terrace gravels are very restricted. Four terraces have 
been attributed to the Rother and others to its larger tributaries, There 
is no well developed flood plain but complex mixtures of sands, clays 
and gravels have been observed. 
TOPOGRAPHY 
There is a marked relation between geology and topography. The 
area is one of scarp and dip slope~ being dominated by the Chalk and 
Hythe Beds escarpments. Their locations are determined by the Wealden 
and the smaller anticlines. The Chalk escarpment runs north north 
east and east from Langrish enclosing the Rother basin. It varies 
considerably in height from 150 to 250 meters but is everywhere 
a dominant feature of the landscape. At its base and running 
parallel to it is the Upper Greensand bench. This has a marked 
slope in the direction of dip b\l~ where it is wider, especially between 
Buriton and Elsted, it is almost level over extensive areas. It 
too has a steep. though small scarp slope parallel to the Chalk which 
overlooks the low lying Gault land. This is an area of low relief 
and gentle slopes which merges unnoticeably topographically with 
the Lower Greensand. The topographic relation with geology is 
hardly broken by the presence of the Rother which flows with the 
grain of the country along the Lower Greensand. 
On the right side of the Rother the Folkestone Beds often form 
higher areas, covered with heath, between the various tributaries flowing 
off the Gault. Small discontinuous inward facing escarpments are often 
found on the Folkestone Beds. There is little area of flood plain and 
the river is often overlooked by steep slopes in Folkestone Beds. 
The land rises gradually to the crest of the Hythe Beds escarpment. 
This is the second major topographic feature of the area. It extends 
in arcs eastwards from Harting Coombe and encloses the lower lying 
ground in the centre of the anticline occupied by the Weald Clay. 
Like the Gault lands, this is an area of low relief and low angle 





There is a close correspondence between lithology and surface 
and subsurface hydrology which em.phasises the landscape divisions based 
On topography. 
The Chalk is devoid of surface drainage. Along the base of the 
scarp are several large springs. They are associated with joint and 
fissure system.s ani probably receive water from an area stretching 
well beyond the surface basin. A strong flow is m.aintained throughout 
m.ost of the year; only during late sum.m.er is there any serious reduction. 
There are m.any sm.aller temporary springs at the foot of the scarp 
many of which join drainage off the Upper Greensand flowing parallel 
to the scarp. 
. 
The Upper Greensand is a second perm.eable 'rock from. 
which many springs are fed. Som.e rise on the low lying parts of the 
formation near the base of the Chalk escarpm.ent. Many are found at 
the junction with the Gault (Fig. 3i). There are also a series of sm.all 
gorges, or crundles, eroded into the 9reensand scarp which intercept 
the water table in winter.' Perched water tables are a com.m.on feature' of 
Upper Greensand and can support substantial flows for much of the year. 
The heavy clay lands of the Gault are relatively im.perm.eable. 
Many streams and artificial chanI).els drain the area. Stream.s headed 
in Upper Greensand or Chalk springs gain m.any tributaries in passing 
over the Gault (Fig. 3i). 
The Lower Greensand, being a very permeable ror~ i-s . 
also devoid of surface drainage. Springs emerge at the junction of 
the forlTlation with the Gault, Weald Clay and river alluviulTl. Most 
of the Lower Greensand drainage elTlerges as springs close to the 
Rother. Many enter the river through the banks and bed. There 
are no springs as large as the major Chalk springs but they are 
certainly more nUlTlerous. Drainage to the Hammer Basin is gen-
erally very complex. Slipped material over Atherfield and Weald 
Clays lTlasks many sites and the term "seepage line" is more fittingly 
applied to springs at the base of the Hythe Beds escarpment. 
The sandstone beds of the Weald Clay series support small 
springs. These beds have a very irregular distributi~~ (Fig. 3i) 
and the Weald Clay series can be considered to contribute ground water 
throughout its entire area. There is a dense surface drainage netw.ork 
which has an outlet to the Rother through a gorge in the Hythe Beds 
(Fig. 3 ii). 
The average annual rainfall is between 850 and 1000 mm. being heaviest 
on the Chalk downs and diminishing towards the north east. At Rogate near 
the centre of the basin the rainfall is 873 mm. During the period of study 
there were large departures from these long term averages. At Rogate, for 
instance, the 1972 total was 869mm.,whereas for 1973 it was 583mm. Over the 
study period the rainfall totalled 732mm. There were only two months with 
moderately heavy precipitation, the rest were below normal. The monthly 
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It is ~f£icult to give a description of characteristic hydrological 
conditions at any particular time of year. However, it is usual for 
winter flows to be much higher than summer and most springs and land 
drains run continuously. Only towards the end of summer do larger 
springs from the Chalk and Lower Greensand begin to dry up. 
During 1972-73 there were no more than five or six weeks when 
the entire sample of drains flowed and by May 1973 many springs which 
had been observed flowing in late summer of 1972 (not a wet year) were 
dry. River flow during January, February and March was at summer levels. 
The dryness of the year is illustrated by the e:£:£ect of heavy rainfall on 
runoff. On July 12th, 1973 a rainfall of 56 mm was recorded at 
Mesk oY «:.JL s~l4J. d ra~ 
Rogate (Fig. 3i.i) in a ten hour period. PSI. &f IF J J i" J ::e J .7 
w-e..rt- ~ ~ ~ ~ AA-~ h~. 
Jib .U' TtL lilt '] . 5 7 •• No other rain events during the 
period from late March to August 1973 had any observable effect on 
spring or drain flow.at study sites. 
SOILS 
Soil type is closely related to parent material, topography and 
hyc}rological conditions and although great variations in soil prope rties 
exist the basic soil types in tm area can be described on the basis of 
the principal geological divisions. 
The Chalk supports a thin, highly organic, Rendzina type soil, for 





generally found. During the Second World War large areas of downland 
were ploughed and this continues. At these sites the soil is very 
thin. Thicker, less basic soils are found on low angle slopes and 
_under woodland, particularly at-the base of the escarpment. Deep 
Chalk soils are not represented in the basin. 
The Upper Greensand has been cultivated intensively for centuries 
and no natural soil types can be distinguished. Agriculturally it provides 
a heavy loam soil excellent for arable cultivation. There is little 
acidity. There is a high proportion of silts and clays in the soil and 
although they tend to be sticky in winter and hard in summer they are 
generally well drained. 
The Gault and Weald Clay soils are similar in texture and general 
condition. Being heavy clays their drainage is poor and anaerobic 
conditions are usual. They have a low calcium content which adds to 
the difficulty of their use. In winter they are wet and heavy, in 
summer hard and dry. On the parts of the Weald Clay where sand-
stones and limestones are exposed there are local improvements in 
texturk and drainage. 
The Folkestone Beds produce a poor sandy soil susceptible to 
strong lea-ching_ There is often a cover of flint debris associated with 
river terrace deposits which makes the soils very stoney. On the common 




A light loam soil is found on the Sandgate Beds. These beds having 
a good silt and clay content provide a good agricultural soil which is 
intensively cultivated. Some parts of the Sandgate Beds which are very 
sandy, have soils little different from the Fo1kestone Beds. 
Hythe Beds Soils are similar to the Folkestone Beds and being 
generally at a higher elevation suffer from exposure. Under heath and 
forest a podzo1 is usual. The lower lying (uppermost geologically) 
parts provide soils intermediate in character with the Sandgate and 
agricultural land extends to the higher parts of the Hythe Beds. 
LAND USE 
Land Use, a most important factor in Nitrate supply is closely 
related to soil type and geology. The land uses on the different 
geological divisions are presented as percentages of their areas 
(Fig. 3 iv). They were mapped in the field during the summer of 
1973. 
The Chalk within the defined basin is mostly escarpment. This 
, 
supports a cover largely of woodland, rough gras sland and permanent 
pasture. Arable land extends over the lower part of the outcrop from 
the Upper Greensand. The Higher parts of the Chalk are almost entirely 
in permanent pasture. On lower lying areas beyond the basin much 
arab~e land is found. Barley is the main crop and Nitrogenous Fertiliser 
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The Upper Greensand provides one of the two main arable areas of 
the Rother Basin. Cereals, especially barley, are dominant. Pasture 
is generally part of a rotation. It is interesting to note that the 
appearance of predominantly arable farming can be misleading. Over 
fifty per cent of the formation is under wood and pasture. The Upper 
Greensand supports a string of large prosperous farms with mixed 
enterprises. Milk and beef are established at many and pigs are 
numerous. Stocking rates are high. 
Permanent pasture is the dominant land use on the Gault, covering 
over 60% of the area. Fields may be ploughed and left fallow for a 
season for improved ley. There is a relatively small ~rea under 
cereals. Milk and beef herds are the major enterprises of farms on 
the Gault and stocking r~tes can be very high. Farms frequently extend 
over the major geoiogical divisions and where this is the case the enterprisef 
suitable to the particular soil types are found on the proper section of a 
farm. 
A great deal of the Folkestone Beds is under heathland. Much of 
the remaining land is' under permanent pasture. On lower parts, expecially 
towards the Sandgate Beds a wide :variety of crops are grown; predominantly 
barley. 
The second major area of arable land is found on the Sandgate Beds. 
Intense cultivation eXtends from the Folkestone Beds to the Lower Hythe 
Beds, wheat and potatoes and barley are the major crops. As with the Upper 
r, 
Greensand a large percentage of the area, over 40%, is under wood and 
pasture. In addition the Sandgate Beds has the largest proportion of its 
area under roads and settlements. 
Large amounts of wood-land characterise the Hythe Beds areas. 
Arable land use is not unimportant but is generally an extension of 
arable enterprises on the Sandgate Beds. 
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Large amounts of wood-land and pasture characterise the Weald Clay 
lands. Barley is the major crop. Substantial dairy and beef herds are 
kept at most farms. 
EFFLUENTS 
The major centres of population are at Liss, Petersfield, Greath~m, 
Rogate, South Harting.' Hawkley and Buriton. Five of these centres have 
sewage works which discharge into the Rother and its tributaries. The 




South Harting 170 
Rogate 115 
Buriton 95 
A small unit at Le Court serves the community there. It has an average 
dry weather flow of 25 rn3t day. 
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Away from the areas served by the sewage system houses and other 
buildings are served by septic tanks. Some buildings and farms 
discharge directly to water courses. South Harting works accepts 
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SOURCES OF NITROGEN 
Many of the factors which control the levels of Nitrogen in rivers 
and lakes are changing rapidly. Agricultural practices in England and 
. 
most other countries of the world have been revolutionised in the past 
twenty five years. Fertiliser Nitrogen applications have increased 
tremendously and although they are beginning to level off in England, 
they are still increasing rapidly elsewhere and in s~me countries are 
expected to continue to do so for many years more. Land use practices 
are changing and it is becoming increasingly common for livestock and 
other animals to be kept permanently in large intensive units which can 
potentially provide enormous supplies of Nitrogen. In addition the 
population is growing and human waste products form a-rapidly increasing 
addition to the Nitrogen load of rivers. Ch?-nges in these and a list 
of other factors raise the question of what effects can be expected oIl: 
the Nitrogen levels of rivers and therefore of lakes and estuaries. 
It is necessary to consider firs t the different sources of Nitrogen 
to rivers. Collectively they have received enormous attention in the 
literature. It is impossible to present a 'full account of the work done 
on the behaviour of these various sources but the major aspects need 
to be considered carefully. 
RAINFALL 
Nitrogen in rainfall, as an addition to agricultural land, has 
been measured for over one hundred years. However, surprisingly little 
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is still known about Nitrogen levels in rainwater and where the Nitrogen 
com.es from. There is still m.uch disagreem.ent about the nature, origin 
and distribution of Nitrogen compounds in precipitation and few conclusive 
pieces of evidence can be presented. 
Only two studies are known which use reliable data, for many stations 
over large areas. They are those of Angstrom. and Hogberg (1952, 1952a) 
and Junge (1958). Junge (1954) emphasised the abundance of Ammonium. 
bearing particles in atmospheric aerosols. Sam.ples taken near the earth's 
surface contained large particles which consisted entirely of Sulphate 
and Ammonia. Giant particles at times consisted entirely of Nitrates 
(Junge 1954). Junge and Manson (1961) report a stable aerosollayer, 
virtually world wide in extent, at altitudes between 15 and 25 Km. 
above the earth. There is a constant fallout and replacement of these 
particles of Am.monium Sulphate and Per sulphate. At lower layers .they are 
available for incorporation into rain and snow and many constitute dry 
fallout. 
Junge (1958) conducted a survey of Am.monium. and Nitrate ions in 
rainwater over tIe United States using data from. sixty stations for one 
year (July 1955 - June 1956). This study showed m.arkedly uneven areal 
distribution of both ions. Values were low near coastlines an d at the 
far ocean points. Data from. northern Europe indicate no difference 
between coastal and inland areas .. Junge concludes that the major sources 
of fixed Nitrogen were confined to certain geographical areas over land . 
. 
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No correlation was found with thunderstorm activity, density of industry, 
population or agricultural activity. However, areas of soil of low pH 
capable of absorbing Ammonia correlated with areas having low concentr-
ations of Ammonium ions in rainwater and vise versa. Angstrom and 
Hoberg (1952, 1952 a) report data for Sweden which shows a correlation 
between Ammonium and Nitrate concentrations and the character of the 
air mass from which rain fell. Tropical air contained between 10% 
and 30% greater Nitrogen than polar air and double that of arctic air. 
They found that the conc~tration of the two ions depended on the amount 
of antecedent rainfall. Further, there was an almost constant ratio 
NH4 -N to N0
3 
-N of 2/1. This was interpreted as indicating a common 
origin; a photochemical one whose reaction was considered to be:-
The interdependence of NH~ and NO~3 in precipitation can also be 
explained by the oxidation of Ammonium photochemically (Hutchinson 1954, 
Virtanen 1952). Gambell and Fisher (1964) studying individual rainfalls 
+ -in a rural area of Virginia concluded that NH 4 and NO 3 in rain are 
derived mostly from gaseous constituents of the atmosphere. Fixation of 
Nitrogen by lightning is thought to be of minimal importance. Russel and 
Richards (19l9) and Virtanen (1952) conclude that the most important source 0 
. 
Ammonia is volatilisation fro:m land surfaces. Larson and Hettick (1956) 
and Shult and Hed~ey (1925) consider that Ammonia comes largely from 
natural fires and combustion of foss11 fuels. 
.J 
GO 
Most studies report great spatial and temporal :variability of NH: 
-
and N03 in rain and it is thus virtually impossible to estimate that added 
to surface or ground water. The great interest paid to Nitrogen in 
rainwater is based on the assumption that it is an important addition to 
nutrient supplies to agricultural land. However, Eriksson's (1955) summary 
of measurements from Europe and the United States presents values from 
0.7 to 18.7 lbs/acre/yr. (0.74 - 21 Kg/ha/yr) the majority of which fall 
in the ranges 4 - 7 lbs/acre/yr. This is much less than fertiliser applica-
tions on agricultural land which in turn fs generally less than the mineral 
Nitrogen in soil and is only a fraction of the total Nitrogen. (Allison 1955). 
There are few studies which relate inputs of Nitrogen in rain to 
that in surface waters. Taylor et al (1971) considering nutrients in 
streams draining woodland and farmland near Coshocton, Ohio, found that 
the Nitrogen budget was wholly dominated by the input from rainfall, which 
exceeded the fertiliser applied. Fisher et al (1968) measured precipit-
+ -
ation inputs of NH4 and NO 3 and their discharge from the Hubbard Brook 
Experimental Forest. They showed that inputs exceeded outputs and that 
nutrients from rainfall were sufficient for the maintenance of natural, 
stable ecosystems. Fruh (1968) consider that for lakes rainfall can·be a 
significant source of Nitrogen. 
Additions of Nitrogen into a river basin from rainfall are not 
considered to be imp'ortant in controlling levels in streams ar,d rivers. 
In any basin the area covered by watercours es is relatively small and the 
vast majority of rain falls directly onto soil. In Britain inputs of 
Nitrogen in rain gener,ally amount to 5 or 6 Kg/ha/yr whereas the total 
~ 
. - ... ~ . . 
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Nitrogen in the top 150 mm of agricultural soil is from 3000 to 4000 Kg/ha I', 
i 
(Tomlinson 1970) and up to 6000 Kg/ha in grassland. Outputs in drainage 
water are related to the conditions which exist in soils. Considering 
the comp"Jexity of soil systems, the magnitude of the soil Nitrogen 
reservoir and the importance of bacteriological action one is forced to 
the conclusion that there is no real reason to expect a correlation 
between inputs of Nitrogen in raiIifall with outputs from cultivated 
watersheds. 
CULTIVATED AREAS 
The majority of Nitrogen in soil is organically bound. Only a small 
. 
fraction is in the inorganic form (mineral nitrogen) ~nd this varies 
markedly among soils and between seasons of the year for the same soil. 
Climate has a marked influence on the quantity of mineral Nitrogen 
in tro soil at anyone time and upon the formatien and loss process. In 
temperate humid climates Nitrates would generally move downwards in the 
soil profile with water movement during the winter when precipitation 
exceeds evaporation but may not move downwards during summer except 
with heavy rainfall (Harmsen and Schreven, 1955). Cons equently, the 
. 
content of mineral Nitrogen is low in winter, ris es in spring and is again 
reduced by autumn rains. Mineralisation is low in winter and is stimulated 
by warmer weather in spring. The rise slows during SUIllmer and this 
has been attributed, in Europe., to July and August rains (Harmsq~ 1.962). 
However, such generalisations az:e of little use i,n considering single 
years as departures from normal weather situations' can be very large. 
-" . .. Moreover) - some· investigators have observed large fluctuations in' mineral .. 
.. 
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Nitrogen contents even under steady conditions ( Diamond 1937, 
Griffiths 1951, Hagenziker 1957). Griffiths considers that such 
unexplained variations may be due to a periodicity in the mineraliz-
ation - immobilization pattern in the soil. 
A vast literature exists giving levels of mineral Nitrogen 
in the soil and difficulty is found in comparing various sorts of 
units and ranges of values and different experimental conditions. 
Cooke and Williams (1970) present a brief resume of data relevant 
to English agricultural land. They state that most agricultural 
soils contain between 0.075 and O. 3% of total Nitrogen, almost all 
of which is combined with about ten times as much Carbon as 
organic Nitrogen. A small proportion is mineralised annually and 
quickly nitrified. In permanent grassland ·soils only a very small 
amount is mineralised each year whereas on land used for growing· 
cereals it is from 30 to 60 kg/ha. The average fertilizer application 
on all crops and grass in Britain in 1969 was 75 kg/ha. 
In temperate climates on arable land the inorganic Nitrogen 
generally disappears rapidly as soon as the crop starts growing. 
Perennial crops have a developed root system which can begin 
absorbing Nitrogen as soon as conditions are favourable for gr<?wth. 
Annual crops on the other hand absorb Nitrogen slowly at first until 
, . 
their root systems have developed. At harvest time the amount ,of 
• 
inorganic Nitrogen in ,cropped .Doil is negligible . 
. - -
..... - . - . - -
- . _. - - ...... 
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After harvest in autunm, mineralisation generally brings 
about a rise in t,he amount of inorganic Nitrogen because absorption 
by plants has stopped. Decay of stubble and roots may contribute 
t'? net mineralisation but this accumulation is liable to be leached by 
winter rains. 
NON-CULTIVATED AREAS 
Total Nitrogen levels are lowest on soils under continuous arable 
cultivation and greatest under permanent grassland. However, grassland 
soils are generally characteris ed by low levels of inorganic Nitrogen 
throughout the year. Grasses have a large capacity to absorb Nitrogen 
and mineralisation rates are generally low under them. Thus Nitrogen 
is more available in arable soils. Harmsen and S chreven, (1955) also 
report that any kind of soil tillage stimulate.s mineralisation. 
The capacity to immobilise Nitrogen is characteristic of all 
permanent vegetation. Low quantities of inorganic Nitrogen have been 
found under prairie, savanna and forest (Harmsen and Schreven, 1955). 
The intensive experiment at the Hubbard Brook Forest demonstrates 
clearly the stability and self regulation of natural ecosystems. Small 
losses of Nitrogen, both dissolved and solid, are characteristic 
(Bormann et al 1969) although fairly large turnovers of Nitrogen within 
the forest are recorded. 
MOVEMENT OF INORGANIC NITROGEN THROUGH AND FROM THE SOIL 
The major movements of Nitrogen through and from the soil are in 
solution. Nitrate Nitrogen in the form most readily moved in water. Urea 
, 
and some amino compounds are also soluble and move readily. However, 
these substances generally have a transient existence in soil as they are 
readily hydrolised to Ammonia. Ammonium Nitrogen can be strongly ab-
sorbed on soil colloids. In most soil. the quantity of unfixed Ammonium 
Nitrogen is negligible. 
Amounts of Nitrogen lost depend on a large number of variables that 
are understood fairly well at least in a qualitative way (Allison 1966). 
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The most important are; (a) the form and amount of soluble an~ unabsorbed 
Nitrogen present or added to the soil; (b) '7mount and time of rainfall; 
(c) infiltration and percolation rates; (d) water holding capacity of 
the soil; (e) presence or absence of a crop; (f) evapotranspiration; 
(g) rate of removal of Nitrogen by vegetation; (h) extent- of upward 
movements during drought; and (j) whether Nitrogen is leached below the 
root zone especially to ground water. 
In essence when considering losses of Nitrogen from fields one is 
dealing with an extremely complex system where predictions are difficult. 
A large number of studies have been conducted on Nitrogen leached from 
lysimeters (Harms·en and Schreven, 1955; Alliso~, 1966) which substantiate 
the nine points above. The object of lysimeter studies generally has been 
to investigate Nitrogen balances of soils. Allison (1955) reviews a large 
number of such investigations and draws a number of important conclusions 
particularly with regard to soils and fertilisers. Lysimeter studies show 
that about 150/0 of fertiliser Nitrogen was unaccounted for. In greenhouse 
.. 
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experiments about 50% and in field experiments 50-70% was recovered. 
Most Nitrogen was lost by leaching but gaseous losses were frequently 
large. The inadequacy of data was emphasised. 
Field studies of Nitrogen losses have been relatively few in 
number and great difficulties in measuring are experienced. Harms en and 
Schreven, 1955, Cooke and Williams, 1970, and Allison, 1955 and 1966 
review results from field experiments. It is clear that losses from cropped 
soils behave in much the same way as from lysimeters. Cropped soils lose 
much less Nitrogen than fallow and grassland losses are less than from 
arable land. Losses of Nitrate are greater in winter when rainfall is 
highest and plant growth least. Cooke and Williams (1970) referring to 
English work, consider that drainage from well farmed arable land will 
contain on average 10 mg/l of NO -N. Losses from light land will be less 
3 
variable and higher than f~om heavy, but the heaviest losses of all will be 
from heavy land during spring. 
Losses of Nitrogen from soil to watercourses are not confined to 
losses in solution. The quantity of Nitrogen on eroded fines is. generally 
quite high and often leachable on entering a different environment such 
as a lake or river (Fruh 1968). Massey and Jackson (1952) point out that 
nutrients are selectively eroded from soils. because they are concentrated 
on finer, generally colloidal material. Rogers (1941), Flippen (1945) 
and Moe et al (1968) 'show that such losses can be higher than from leachate . 
• 
This Nitrogen can be released over long periods in lakes. Cooke and 
- .. - .. ,' - - - .. 
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Williams (1970) point out that water erosion, though rarely spectacular, 
occurs over most of Britain and soils must provide a lot of the sediment 
in rivers and lakes. This source of Nitrogen to rivers has hardly been 
studied in this country. Timmons et al (1970) estimated that substantial 
amounts of Nitrogen could be leached from a variety of crop residues in 





Another potentially large source of Nitrogen is from farm yard manure I 
I or slurry applied to the fields. B ecaus e slurry from stock lots or pig farms 
I 
presents -a disposal problem it is often heaped on fields and large amounts 
of Nitrogen can be lost by seepage. Where animals congregate near field 
corners, gates and streams, their urine and excreta can be very concentrated 
A very restricted literature exists on these sources (AWWA Committee Reporl 
1967, Coo~and Williams, 1970) but they are-potentially large. I 
. 
Although there is a good knowledge of losses of Nitrogen from soils 
very few attempts have been made to relate these losses to levels of 
Nitrogen fOWld in rivers or lakes. Tomlinson (1970) in questioning the 
way in which the suggestion that Nitrates in rivers are derived from land 
drainage may be examined presents two alternatives: (a) measuring the 
quantity of Nitrates supplied by various sources and (b) considering how 
Nitrate levels in rivers vary at different times of year, since in England 
soil drainage does not normally occur in summer. 
Of the first type only one detailed study is known to have been com-
p1eted; that by Owens (1970) ~ho studied the River Great Ouse. - He estim-
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ated sewage inputs from an average figure and deducted this from the total 
river load to compute that supplied from land drainage. There are enormous 
errors in this approach but it is clear that the majority of Nitrates in this 
river are derived from the land. Other studies by Owens and Johnson (1966), 
Sawyer (1947), Sylvester (1961), Sylvester and Seabloom (1963) and. 
Flippen (194S) indicate the importance of land drainage for Nitrogen 
supplies to rivers. 
The levels of Nitrate found in land drainage are normally high 
enough to account for the concentrations found in rivers (Tomlinson (1970). 
For a great many drainage basins land drainage is likely to be the major 
source of Nitrates simply because there are no others. However, one 
source which is often overlooked is from groundwater. "Here again, the 
literature is far from adequate, especially for England. 
Cf tt.L Se.~ ~ I- "'-'0 S ~ ~ ~~ 4«"'1'''' tt\A.r 6£ ~-t, 
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GROUND WATER 
As most ground water must initially move through the soil)Nitrate 
concentrations are possibly related to land use and all tIe other factors; 
which affect yields from soils. Wadleigh (1968) in an extensive review 
of Wastes in relation to agriculture am forestry quotes Public Health 
Officers in the United States who relate increasing Nitrate levels in wells 
to fertiliser use, albeit tentatively, and other studies which. demonstrate 
no relation at all. Cooke and Williams (1970) quote Nitrate figures from 
wells and boreholes at three sites ~n England. Values vary up to 12.5 mg/l 
but are generally much lower. They relate higher Nitrate contents to the 









presence of light, sandy soils at one site and low values to a denitri-
fying, water logged, boulder chy horizon at another. Few other general 
conclusions about Nitrate Nitrogen levels in ground water are available 
, as most attention has been paid to the influence of very local factors. 
A notable exception is the work of Foster and Crease (1974) on N03 
levels in (halk in East Yo'rkshire. They relate increases to increasing 
application of nitrogeneous fertiliser and show that high concentrations occur :. 
, 
in ground waters which are 10 or perhaps 20 years old. Examination 
of chalk pore water at shallow depths below fertilis ed land shows N03 -N 
levels locally in excess of 30 mgtl in strong contrast to low concentrations 
« 5 mgtl) under unfertilised land. In England the only major aquifer 
where high NO levels are recorded is the chalk and this may be related 3 -
to the properties of Chalk soil in combination with a highly permeable rock. 
Green and Walker (1970) describe a situation in the Eastbourne Q-lalk block 
where high Nitrate levels in an aquifer are related to gas liquor fertiliser 
applications on a thin Chalk soil. Smith (1967) concluded from a large 
survey of wells in Mis souri that the main controls over Nitrates in well 
water were the presence of animal wastes, improperly constituted shallow 
wells and septic tank drainage. Stewart et al (1967), Leclaire (1955) am 
Gillhorn and Webber (1969) show the importance of sources such as ' 
feedlots and organic refuse dumps in contaminating small zones of ground 
water. Such sources are growing in number and extent. No serious 
problems have been reported from England although such contamination 
undoubtedly exists. 
. 
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One characteristic of Nitrates in ground water wli ch needs stressing 
is the very high levels which can be expected locally. Green and Walker 
(1970) report levels over 60 mgtl N03-N for the Eastbourne case. Similar 
,high levels are reported from the United States where shallow wells form 
an important part of; the water supply system. George and Hastings (1951) 
report levels in public supplies in twenty seven Texas towns to be in 
excess of 50 p. p. m. of Nitrate (= 12 p. p. m. N03 -N) when the USPHS 
standard is 44 p. p. m. Concentrations are reported in the range 90 - 130 
p. p. m. N03 for Grover City and Arroyo Grande, Ca1ifor~a and in the 
range 240-975 p. p. m. NO for several counties in Michigan (Deutsch 1963) 
3 
by Wadleigh (1968). 
Few studies have related Nitrate levels in ground water to those 
in surface waters they supply. Fruh (1968) reports a computation 
based on previous work of the hydrology of the Lake Mendots area,. 
WisconSin, and concludes th,at ground water is the major source of Nitrogen. 
URBAN RUNOFF 
Runoff from urban areas has been considered an important factor 
in stream pollution (Fruh 1968). Definitions of urban runoff vary 
considerably from storm runoff from hard surfaces (Sylvester and Anderson 
1964) to drainage in "Urban creeks" (Sylvester 19-61). Therefore co:mparisons 
are difficult. Fruh's (1968) review lists Nitrogen levels in urban drainage 
from various workers and in only one situation, arterial runoff with no 
.. 
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antecedent rainfall, is total Nitrogen concentrations greater than 5 mg/I. 
Reported values are generally less than 1 mg/I. Sylvester and Anderson 
(1964) and Weibel (1964) show that a major factor in determining Nitrate 
Nitrogen concentrations is the interval since and the amount of the last 
rainfall.' Sylvester and Anderson (1964) consider the source of Nitrogen 
to be the fertilisation of lawns and gardens but such a source is probably 
better considered as land drainage. As there is no major input of Nitrogen 
to hard surfaces except dry fallout and dust, levels of runoff are similar 
to those in rainfall i. e. rather low. Peaks of Nitrogen are often 
experienced at the beginning of runoff (Weibel, 1964). 
FARM YARD WASTES 
Rainfall, soil drainage and groundwater constitute three important 
non-point sources of Nitrogen (Owens 1970) and are therefore generally i 
I 
impossible to measure and difficult to sample. Furthermore the factors which, 
;' 
control their behaviour are extremely complicated. A second category of 
sources is pOint sources (Owens 1970) such as farm yards and sewage 
works. These are generally controlled and fluctuate in a more regular or 
easily predicted manner. In addition, they are potentially more easily 
measur ed and sampled. 
Farm animals contribute large quantities of waste with high 
concentrations of Nitrogen. Inputs to waterways from farms depend 
largely on the type of enterprise. Only battery fowl, pigs, beef cattle 
~ 
and dairy cows need to be considered as they are the most numerous 
.. 
farm animals and are kept at some times in farm yards rather than 
continuously in fields. 
Wadleigh (1968) presents the human population equivalent of these 
* animals with respect to faecalproduction. For a cow it is 16. 4 for a 
pig 1. 9 and for a hen O. 1. Farm animal populations are difficult to 
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estimate but it can be assumed that wastes are large in relation to human 
wastes. In the U. S. A. farm animal wastes are ten times greater than 
human waste (AWWA Committee Report 1967). Few estimates of Nitrogen 
concentrations are published. Cooke and Williams (1970) report values 
for slurries in the range 1 - 9 g/l (= 1000 -9000 mg/l). The composition 
of slurries depends on the type of stock, their food, the amount of water 
introduced and the proportion of faeces, urine and bedding. 
Animal wastes used generally to be made into manure with straw 
bedding and returned to fields. However, as it is expensive to make at d 
handle, it is more usual to get rid of waste as a semi liquid slurry. 
Some sewage works accept farm wastes and few farmers have invested in 
tanks which can accept it. It is either stored in shallow lagoons or in 
~ some cases it is discharged directly (Cooke and Williams 1970, Wadleigh 
, 
1968). Under the conditions in drains and lagoons enormous' gaseous losses 
of Nitrogen as Ammonia can result but concentrations remain extremely 
high. Slurry is also increasingly spread on the land. 
During the winter, cattle ~d dairy cows are generally housed and· 
slurry disposal is a problem. During the summer months cattle are in fields 
and cows visit the farm twice a day for milking and therefore summer 
discharges are very much lower than winter. 
- . . _. -" ~ . . . . . ... ." . . . . ... - . - . .. . - . - ... .. . 
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Wadleigh (1968) cites several cases in the United States where 
feedlots have become nuisances because of odours and discharges. The 
Interstate Commission on the Potomac River Basin reported that when it 
rains farm waste s make the river unusable for swimming. The basin 
has a human population of a quarter of a million but an animal population 
with a waste production equivalent to three and a half millions, and no 
facilities exist for treating their waste. 
In England farm animals are not housed in such large groups as in 
the United States and it is difficult to imagine a situation developing 
comparable to that in Metropolitan Los Angeles where Grandena and 
Torrence Counties have elected ordinances requiring all dairy farmers to 
move out becaus e of the nuisance they caus e. Feedlots with over one 
thousand head are not uncommon in the U. s. 
Although considerable attention has been paid to the management 
of farm wastes (Norton and Hansen 1969, Webber and Lane 1969) their 
effects on streams and lakes has been considered only superficially . 
(Galegar 1969, Munshall 1970, Moe et a1 1968, Rensink 1966). Attention 
is generally confined to domestic sewage whose individual effluents are 
larger. Farm wastes are distributed fairly evenly over a drainage basin 
and the effects are less noticeable even though the total input may be 
as great. Studies of groundwater pollution emphasise the local nature 




Sewage effluents are generally recognised as one of the most sig-
nificant sources of Nitrogen to rivers and lakes. Levels of Nitrogen are 
generally high. The Royal Commission standards are of B. O. D. levels 
(30 p. p. m. ) and suspended solids (20 p. p. in.). Low B. O. D. levels 
are associated with higher Nitrate contents and vice versa.· In modern 
sewage works these standards are usually· kept but are frequently exceeded in 
~ 
older ones, when effluents ~ have low Nitrate and high Ammonia contents. 
Various typical concentrations of Nitrogen are quoted. Owens (1970) 
calculates inputs of Nitrogen from effluents on an average value of 33 mgtl 
total Nitrogen. Fruh (1968) and Fitzgerald and Rohlick (1958) report ranges 
from 15-35 mg!l and 20-50 mg!l respectively. 
Schwinn and Dickson (1972) suggest that concentrations of N:itrogen 
. 
are independent of flow and that there are no marked daily or seasonal 
variations. Effluent flow, however, varies markedly during the day and the 
season. The daily pattern depends on the type of uses, the time of 
travel of effluent to and through a sewage work-s and the nature of the 
purification system. There are o·ne or two peaks during the day. The 
first is in the middle or late morning and the second is in the late afternoon. 
Winter flows are higher than summer. 
In rural areas domestic and industrial mains drainage operates only 
in larger settlements. A great l11any houses and other buildings are 
serviced by septic. tanks and some even discharge kitchen wastes directly 
- . - . - ... .. . ",' 
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into ditches. These additions are generally localised and very small. 
Many studies relate Nitrogen levels in lakes and rivers to that 
supplied from sewage works (Fruh 1967, Sawyer 1962, Sylvester 1.961, 
Thomas 1962, Hassler 1932, Owens 1970, AWWA Com.rn.ittee Report 1967, 
Lester 1967, Tinker 1971, ledger 1972, Wagner 1970, Kolenbrander 1972, 
Miller 1971, Grimas et al1972, Findenegg 1971, Gachter 1971). Fruh 
(1968) quotes Wuhrmann's figures relating inputs of nutrients from humans 
and agricultural runoff. Wuhrmann calculates that ten people per acre are 
needed to contribute the sam.e amount of Nitrogen to watercourses as 
agricultural runnoff. Thus in rural watersheds one can expect the dorn.inant 
source to be land drainage. Owens (1970), Davis and Slack (1969), 
Edwards (1973), Taylor et al (1971), Kohl et al (1971) and Owens and 
Edwards (1970) confirm this. Owens' and .Edwards' (1970) survey of 
English rivers, although not concerned' with Nitrates shows clear 
differences between rural and urban catchm.ents. 
Amm.oniacal Nitrogen loads for urban catchm.ents are much higher 
than total Nitrogen loads reported elsewhere for rural ones. 
OTHER SOURCES 
There are m.any other sources of Nitrogen which m.erit less 
attention. They are hardly mentioned in most of the literature .. Sources such 
as silos and garbage dumps can be considered together with farm. yard wash-
~ 
-/ ings. Natural sources from higher animals or decay of vegetation can be ' 
considered as miscellaneous inputs to the soil. Most published information 
shows that the major SOurces of Nitrogen to rivers and lakes are from 
agricultural drainage, farm effluents and sewage effluents. In specific 




A great deal of information is availa~le on the various sources of 
Nitrate but there are no systematic studies which allow a comparison 
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of all the important factors a£facting these sources nor of what conc-
entrations can be expected in uncontrolled field situations. From the' 
literature review it is possible to extract a number of conclusions about 
the concentrations that may be observed under conditions such as those 
found in the basin of the Rother: 
a) concnetrations of Nitrates in a river are unlikely to be related to 
thooe in rainfall. 
b) the most important point sources are likely to be sewage 
treatment works. 
c) farm drainage will be important only localfy 
d) land drainage will be an important source of Nitrates to 
rivers especially from'arable land. 
e) soil Nitrate levels will tend to increase in early spring due to 
increased mineralisation rates. 
f) nitrate levels will tend to diminish during the late spring and 
summer as root systems become established. 
g) after cropping continuing mineralisation in the soil will 
tend to increase the Nitrate levels in the soil. 
h) losses of Nitrate from arable land will be greatest in.winter 
when plant growt h is least and rainfall highest. 
i) losses of Nitrates will be greatest and most variable from light' 
land but of maximum concentrati on from heavy land in spring. 
- - _ .. - .. - - .. ,. 
" 
j) soils with higher percentage of fines will have higher 
Nitrate mineralisation. 
k) Nitrate losses from soils depend on the water transmitting 
properties of particular soiis as well as rainfall and their 





4 .. .. .. • .. • .. • • .. • ... • .. • • 
• - • - 0-
PART . 5 
HYPOTHETICAL RELATIONS 




Useful predictive models depend on the availability o~ sufficient 
information of reliable quality_ Prediction of Nitrate concentrations 
in water draining from a large agricultural watershed, where land and 
~roundwater drainage are the dominant sources of water, depends on 
information about the particular factors contrQlling these sources. There 
are many such factors and useful information about some of them can be 
/ 
gained from existing surveys such as geological surveys, land-use surveys 
and hydrometric surveys_ 
Three such surveys have been chosen: 
the geological survey of Great Britain 
a land-us e survey of the Rother Basin 
the continuous record of dischal;"ge. for the Rother at Iping 
The information they contain, together with time of year is taken as 
the input to a predictive model. 
In essence, the prediction of Nitrate concentrations in a river, 
against the properties of the basin it drains, consists of establishing 
a correspondence between the two, whether a deterministic or proba~il-
istic model is adopted. A set of parameters which describe the basin have 
been chosen. Their usefulness will be tested by examining whether the 
concentration of Nitrates in the river and the.: patterns of change can 
be associated only with realistic combinations of these parameters. 
Having chosen the parameters there are two important stages of investiga-
tion:-
, 
1. establishing experimentally that the physical relations 
implied in such a choice do in fact hold. 
2. establishing a method for using the parameters to 
generate. . values of Nitrate concentration. 
The conclusions from the literature presented above do not form a 
coherent whole which is capable of being tested. Therefore, what are 
judged to be the more important and coherent relations are re-presented 
in the context of the available survey information. The main hypothes es 
based on the literature review are underlined. 
80 
The prime ro urce of Nitrates is the soil whether water reaches rivers 
via land drainage or deeper seepage. The soil contains a reservoir of 
available Nitrogen in the form of Nitrates. The yield of Nitrate from the 
soil depends on the amount of water passing through it and depleting 
this reservoir. 
The pattern of land-use is complex and individual classes such as 
barley or pasture may receive different treatments in different parts 
of the area. Fertiliser applications, time of ploughing and so on, are 
difficult to generalise and impossible to observe at a scale such as for 
this study. However, an essential characteristic is assumed to be 
whether an area is arable or not. Therefore, two divisions of land use 
are considered: arable and non-arable. 
Arable enterprises affect the soil's Nitrate budget by increasing 
the potential for water to pass through the' soil and increasing the mineral-




isation rate. Therefore, concentrations of Nitrate in drainage water will 
be higher from arable than non-arable areas. 
There are four main geological divisions in the study area with 
distinctive soil types: Chalk, Upper Greensand, Gault and Lower 
Greensand. Therefore a four fold division of geology is used. 
The rate of water throughflow in soils depends on their hydrological 
properties. Permeability is largely dependent on clay content. Soils 
with high clay content are less permeable than those with a low clay 
content. Opportunity for throughflow will be more frequent on sandy soils 
than on loams or clays. Therefore, the soil Nitrate reservoir will be 
depleted less frequently on the latter types of soil. Th_e magnitude of the 
reservoir depends largely on the presence of organic colloids. Soils with 
a higher colloid content will present a higher potential for mineralization. 
Therefore, concentrations of Nitrate in drainage water will tend to 
increase with increasing colloidal content of the soils of an area, in the 
order, Lower Greensand, Chalk, Upper Greensand, Gault. (see table Si). 
The effects of season and discharge are closely related but any 
season may have wet or dry conditions. Four seasons are used: 
I October to December 
II January to March 
III April to June 
IV July to September 
The amount of Nitrate in the soil is controlled by the rates of 
mineralisation, through microbiological activity and uptake by higher 
- . - . - ..... - -.' 
... 
TABLE 5i 
MECHANICAL ANALYSIS OF SOILS FROM EACH GEOLOGICAL DIVISION 
(i) Based on information supplied by S. Nortcliffe and J. Hughes (KCL) 
GEOLOGY Chalk Upper Gault Lower 
Greensand Greensand 
(H ythe Beds) 
~ VEGETATION Permanent Permanent Wood- Fallow , 
Pasture Pasture land 
~1c:N $-.> 8";t~lg-b g.1.,\'~~ 9'612'2- ~I ~"'4S-
-ANALYTICAL 
DATA 
pH 7.4 7.0 5. 1 6.8 
% organic 19. 1 0.3 0.6 0.2 
UJo N (Kjeldahl) 3.2 0.2 0.2 0.0 
0/0 sand 7.0 18.0 17.0 77.0 
% silt 59.0 52.0 23.0 17.0 







TAB LE 5i ( continued) 
(ii) Based on information supplied by Fisons Ltd, - Levington Research Station. 
GEOLOGY Chalk Upper Gault Lower Lower 
Greensand Greensand Greensand 
(Fo1kestone ( Sandgate 
Beds) Beds) 
VEGETATION Permanent Permanent Perma- Heath1and Permanent 
Pasture Pasture nent Pasture 
Pasture 
LoU\1io\4 Su .,go 1%S" 8o~l~ ~ ''1 S 21'f ~..2;l.2. ""1 "'1'1 ~3" 
ANALYTICAL 
DATA 
pH 7.8 7.0 5.9 4.6 6.5 
% organic 2.6 2.4 2.3 1.6 1.8 
% sand 18.7 30.3 29.8 87.2 78.2 
% silt 64.3 34.7 23.9 6.5 5.5 




















plants. These rates are strongly seasonal and thus the potential for 
leaching will vary. Microbiological activity responds much more 
quickly to environmental changes than that of higher plants and there-
. fore an excess of Nitrates can be expected in spring when the ground 
warms up. When arable land is cropped in Autumn this activity will 
continue and excesses of Nitrate will tend to build up in the soil at this 
time also. During the autumn and early winter processes of decomposi-
tion will increase Nitrate concentrations in the soil. Net mineralisation 
rates are therefore highest in early spring and late autumn - early winter. 
However, the opportunity for leaching is higher in autumn when the 
expectation of rainfall is higher. Therefore, higher concentrations of 
Nitrate will be found in drainage waters during winter months, Season's 
I and II. 
Two divisions are used to represent discharge in the basin: . 
delayed flow and quick flow. This is a departure from the usual geomorph-
ological practice which emphasises the minute and subtle effects of -discharge i 
variations on water .chemistry. It is adopted in order to keep the comput-
ation simple and at this stage there is no a priori reason to expect dis-
charge to have a greater effect on total variation of Nitrate concentration' 
values than any other factor. Sequences of wet and dry periods can be 
extremely complex arid it is not ·known if there is any t1D:eshold of discharge 
i' 
at any particular site which would be useful for categorising discharge effects. 
Therefore, the presence or abs~n:ce of stof'm events, involving quickflow, 
for the whole basin, i. e. from the record of discharge at Iping, is used as 
the only criterion. 
, 
85 
Except where soils are saturated or subj ect to continuous leaching 
the effect of increased throughflow of water will be to increase the 
concentration of Nitrate in leachate up to the point where the soil 
Nitrate reservoir is not replaced as fast as it is depleted for any 
particular rate of throughflow. As sodated with increased throughflow 
rates will be extensions of drainage networks within the soil where new 
reservoirs of Nitrate are tapped. Therefore, concentrations of Nitrate 
in drainage waters will increase with increasing discharge under the 
conditions assumed in the study area. Discharge is more variable in 
winter generally and therefore this relation will have a strong seasonality . 
....-
A valid predictive model based on the survey information must 
'" rest on tested relationships between the four factors and N0
3
-N 
concentrations in drainage waters. In rivers many other factors may 
act independently or in combination to affact N03 -N. Therefore, it i.s 
necessary to test the hypotheses using observations taken under controlled 
conditions. 
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There are two systems being investigated, the main drainage 
network and the sources to it. 
The main purpose of the investigation is to examine the relations 
between Nitrate concentrations in the main drainage network and 
the set of parameters describing the basin as the basis for a 
predictive model. The relations between the Nitrate concentrations 
in springs, field drains and sewage effluents with the same 
parameters must be examined first in order to establish the 
physical validity of the model. 
In making both sorts of observations it is necessary to . 
sample. Both are continuous temporally and the main drainage 
network is continuous spatially. In particular the sys~ems are 
very large and only a limited number of sampling sites could be 
chosen. 
The area possesses a simple pattern of geological outcrops 
( Fig. 2 i) and most of the tributaries pass across the same 
sequence of rocks from Chalk to Lower Greensand. However, 
choosing stations at points where streams crossed geological 
boundaries did not provide a division of the basin into areas of 
homog(Jl eous lithology because of the complex pattern of drainage 
divid.es. A sampling pattern. was chosen which was as regular as 
possible within the limits of acces st.bility provided by the road 
network ( Fig. 6 i). A total of thirty six stations was used. Selection 




Fig. 6i Sampling stations on main river. and tributaries. 
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1 Greatham Stream. 
2 Hawkley Stream 
3 USI 







11 Hammer Stream 
12 Barefoots 
13 A325 
14 Cold hayes 
15 Flexcombe 
16 Prince', Bridge 
17 Roke 
18 Harrow 
19 Mill Lane 
20 Berelandl 
21 Frenchman', Lane 
22 B 2146 
23 Stroud 
24 Borough Road 
25 A3 
26 Torberry 
28 Goose Green 
29 Park Bridge 
30 Minards 
31 South Harting 
32 Week I 'I Common 
33 New Barn 
34 Southdowns 
35 Dumpfordpark Stream 
36 Goldring' 
EXPLANATION 





into reaches and sub-basins (Fig. 6 ii). 
It is frequently desirable to have continuous information on 
water quality variables but this was not available. The time 
interval of sampling was governed partly by logistic considerations. 
Over a period of one year it was possible to sample on a regular 
basis only as frequently as once a week. No shorter sampling 
interval could be considered because of manpower and costs. 
The observations provide a systematic sample of the years 
population of Nitrate concentration at several st ations throughout 
the basin. The representitiveness of these samples therefore, 
depends on the sources of variation between weekly observations 
and the variations 'along channels. Of the first, two ki~ds 
of variation are probably important: thos~ in response to discharge 
flutuations and those caused by fluctuating point sources such as 
sewage effluents. There are some isolated anomalous readings. 
One, at A325, on the 20th March 1973, is explained by the 
discharge of an extraordinary amount of farm waste into the water 
/ 
which reduced its oxidised Nitrogen content. This effect was 
observed only 9nce at such a large scale. Other anomalies are 
explained as errors caused by deterioration or contamination 
before analysis. Occasi~nally bottles were misplaced for several days. 
Estimates have been substituted and are indicated in the table of 
data ( Appendix 2 ). 
The main river and its tributaries were sampled at the same 
90 
92 
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time each week, Tuesday afternoon. This time was chosen for the 
following reasons. At weekends the sup'ply of Nitrogen from 
domestic and non-domestic sources may differ from the normal 
weekday pattern. An afternoon was chosen because by that time 
of day the peaks of sewage effluent had been discharged and passed 
down the river. A sample at Durford, for instance, would show 
little difference from that at Sheet ( above on effluent) during the 
morning but by early afternoon a peak of Nitrate concentration 
would have reached Durford and samples at this time would reveal 
the existence of an effluent between the two stations. The relation 
of the station positions to the effluent positions and the time of 
travel of Nitrate concentration varies with discharge state and 
season (Fig. 6 iii). Therefore no one sampling time is entirely 
satisfactory but the early afternoon, 1400 - 1600 hours, appears 
most satisfactory for :most of the sites chosen for showing the 
effect of the sewage effluents. 
The validity of any modelling of Nitrate concentrations from 
reach to reach depends upon there being no irregular changes along a 
particular reach. Large changes do occur where tributaries or 
sewage effluents join the river, otherwise diffuse additions from 
ground and field drainage are assu~ed not to produce such effects. 
It is difficult to obtain samples to verify this assumption. A few 
observations of Nitrate' concentrations along reaches have been made 
( Table 6 i) and no irregular changes have been rec·orded. 




NITRATE NITROGEN CONCENTRATIONS ALONG SELECTED CHANNELS 
River Rother from. Wetrow to Durford (see Fig. 2ii) 
Date-IS. 5. '72 
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River Rother from. Sheet to Durford (see Fig. 2 ii) 
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then no samples were taken. An experiment conducted to illustrate 
the variations that could occur was conducted on an intermittent stream 
with no discernible flow at the time of sampling. Samples were 
taken from a sequence of pools in the stony bed ( Table 6 ii). It is 
clear that under these condi~ions great variation in Nitrate concentration 
can occur over short distances. 
The sampling variability of Nitrate Nitrogen concentrations 
ai-a-point was examined for most of the stations by taking replicate 
samples at the sam.e time and at short intervals, three to five 
minutes, for periods of up to half an hour. The variations in 
these replicates ( Appendix 3 ) did not exceed the accepted 
measurement error except on occasion at sites below sewage 
* works 
Cross channel variations were not detected. When tributaries 
joined or sewage effluents discharged complete mixing was 
).f)-Ito 
observed within _ m at low flow conditions ( Table 6 iii). 
~ 
A complemenwy part of the study was of Nitrate concentrations 
in major sources. These were classed as field drains, springs, 
and sewage effluents. 
SPRINGS AND FIELD DRAINS 
These two sources are considered together in their sampling 
problems. Field drains are considered to be fed by soil water 
predominantly, springs by ground water. It is clear, however, 
( 
that there is no real division between the two and some water in any 
. . 
* Acceptable measurement error was ± 0.2 ppm. NO -N (Appendix 5) 3 . 
TABLE 6 ii 98 
NITRATE NITROGEN CONCENTRATIONS ALONG EAST HARTING 
CRUNDLE (see Fig. 2ii) 
date: 10.6.72 








Culvert under B 2146 1 
(G. R. SU 804193) 
, 














TABLE 6 iii 
NITRATE NITROGEN CONCENTRATIONS AT JUNCTIONS OF 
STANIBRIDGE STREAM AND RIVER ROTHER 
. Date: 15.5.72 
width of river 20 meters 
RIVER ROTHER 
South bank Mid North bank 
Stanbridge Stream: 7. 6 3.4 
3.4 
3.7 3.4 3.4 
6.4 5.3 4.2 
4.7 4.4 4.4 
4.6 4.4 4.3 
4.5 4.3 4.4 
4.2 
4.1 













particular source may come from the soil or ground. In many 
instances the two systems may not be separate. Field drains 
are recognised in this study as being artificial systems for soil 
drainage. 
Samples were taken on a weekly basis. No shorter period was 
considered for logi&:ical reasons. A few samples have been taken 
from springs and field drains over a twenty four hour period 
at steady £loYl (Appendix 3). They show that for the sources sampled 
there is no chang.e during the day not attributable to measurement 
error. Secondly occasional observations of sampling variability 
at a small number of sites showed no measureable variations 
in samples of ten ( Appendix 3). Short term changes, less than 
one hour, have been observed on ten occasions ( Appendix 3). 
They show that no trends occur at steady £low and the observations 
in the most extreme case are within 0.5 ppm of each other. 
Selection of field drains and springs presented an enormous 
sampling problem. Over the large study area only a limited 
number of springs and drains could be sampled. A far greater 
number were known to exist than those actually sampled. Only a 
relatively small number were. easily accessible. Of those which 
k> 
were accessible many were rejected because the area drainingJthem 
could not be defined or the land use in the drainage area of a field 
drain was not homogeneous. 
During a one year preliminary survey only forty six sites were 
found in an area of 150 sq km., twenty nine field drains and seventeen 
. 





Fig. 6 iv Sampling stations at Springs and Field Drains. 
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5 Ellt H,erting 
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8 Durford Bridge 
9 Durford 
10 Ryefield 
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13 We'ton,A 
14 We.ton. B 
15 Stroud bridge A, 






22 Flexcombe Cottage A 
23 Fle"combe Cottege B 
24 Fle"combe firm 
25 Prince'. Bridge 
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'D Common Wood B 
SPRINGS 
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3 Durford 
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7 Harting Combe 
8 A,hford 
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12 Emp.hott Green 
13 Wyld ROil Cottege 
14 Nurltld A 






















• Sewage works 










Field drain data are not completely comparable. First because 
.. the nature of the drains varied. Some were three inch tile drains 
some six inch and others were ditches fed by a series of tile drains. 
Secondly the drainage areas varied. Thirdly. some drains 
experienced flow when others were dry. Thus the quality of 
the data relating to Nitrate concentrations in field drains leaves 
something to be desired. However. it is as well to note that few 
measurements of Nitrate concentrations in field drainage water 
f.or uncontrolled conditions have been made in this country 
( Cooke and Williams. 1970). 
SEWAGE WORKS 
Sewage works have regular daily cycles of input Cl:nd output of 
wastes ( Fig. 6 v). There is often one major discharge peak and one minor. 
The first is during the morning when waste inputs increase from 
6.00 am onwards' to a maximum near 8.00 or 9.00 am. and tail 
off during the morning. Wastes may take a considerable time to 
pass through a works and effluent peaks have a lag behind input. 
At Peters£ield and Liss works this was estimated between one and 
one and a half hours during low flow conditions. 
Of the six sewage works in the area two. those at Petersfield 
and Liss. wet:e sampled for effluent. Observations of sampling 
variability ( Appendix 3 ) indicate that a single grab sample is 
representitive of conditions at a given time. Short period observations 
( Appendix 3 ) show that concentrations of Nitrate in effluent change 
little over twenty four hour periods even though effluent discharges 
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in order that they represent the effluent condition's corresponding 
to the river conditions in early afternoon. 
The field investigation involved recording two other parameters: 
land use and fertiliser applications. 
During late June and early August 1973 a land use survey of the 
study area was made ( Fig. 2 iv). Each of the field and land 
parcels on the I: 10,560 scale map was visited and its use recorded 




included natural, planted, coppiced woodland 
shelter belts and pieces of parkland which 
were heavily wooded. 
included true heaths, rough land and 
unimproved down~and with scrub vegetation. 
included fruit and hops. 
105 
Pasture: included perrn.inant pasture along with pastu:z::es 
of a more temporary nature with varying 
degrees of irn.provement. 
Arable land: included land devoted to barley, wheat, oats, 
potatoes, leguminous crops, and a miscellaneous 
list of other crops. 
Remainder: included predominantly roads, buildings, 
land surfaces such as car parks, farms, 
roadways, and water surfaces. MeasureInent 
of areas was c..djusted so that any errors 
were in<;:luded within this category. 
The area of each unit of land was measured by a planfIneter. 
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Further the area of each type of land use was summed for each 
geological division in each sub-basin ( Table 6 iV). Land use data 
for 1967/8 was taken from field sheets of the Second Land 
Utilisation Survey, by kind permission of Miss A. Coleman, 
King's College London. 
Fertiliser applications are generally regarded as an important 
component of Nitrogen inputs to a drainage system. The argulments 
of this thesis t end not to stress their importance. However, the 
relations between application rates and Nitrate concentration deserves 
attention and a survey of farm practices was carried out. It is 
extremely difficult to obtain concrete information. Farmers are often 
reluctant to reply with information and in fact sometimes found 
it difficult to do so because 6f their poor recording methods. 
Field data for such a large area could not be obtained. Therefore, 
farmers were asked to indicate the overall application rates 
for particular crops and particular types of land. Fertiliser 
informaation was of assay, application rate and application timing. 
" 
A postal survey of forty farmers was conducted. Sixteen 
full replies were received. The data is summariselin Appendix 1. 
Continuous discharge and N03"'N data for 1972/3 and discharge 
totals for 1967/8 were provided by the Sussex River Authority. 
N03-N data for 1967/8 were prOvided by the North West Sussex 
Water Board. 
, 
TABLE 6 iv '107 
0/0 areas underlain byi % areas in arable use and underlain by: 
C;vA 
S~~~ Chalk UGS Gault LGS Chalk UGS Gault LGS 
1 5.2 17.4 27.8 54.6 2. 1 3.6 2.7 1.1 
2 18.9 40.6 36.7 1.8 0.7 7.6 4.5 
3 2.8 97.2 0.8 13.3 
4 42.7 42.5 14.S 3.2 6.1 1.4 
5 82.5 17.5 20.0 1.9 
6 o. 1 99.9 5.8 
7 9.6 46.7 43.S 2.7 3.9 
S 13.4 86.6 31. 0 
9 S.5 91. 5 7.2 1.4 
10 73.6 26.4 12.6 1.7 
11 2S.4 45.8 25.9 3.5 19.9 12.6 
12 100.00 30.2 
13 0.4 99.6 17.1 
14 13.3 16.0 44.3 26.3 0.6 12.2 
15 3. 1 IS.5 78.3 0.2 2.8 
16 3.4 7.4 12.5 77.9 0.3 8.3 
17 18.8 59.7 21. 5 0.5 14.9 
18 30.5 27.4 36. 1 3.9 3.2 8.2 1.3 2.5 
19 35.3 27.7 21. 6 15.4 4. 1 6.5 0.6 1.6 
20 21. 0 53.0 22. 1 3.8 0.4 19.7 
21 100.0 24. 0 
22 69.3 30.7 31. 3 20.2 
23 16.0 SO.4 3.6 9. 1 42.4 
24 13.8 66.7 19.5 6.9 7.3 1.9 
25 24.8 40.4 34.7 8.4 7. 1 0.8 
26 100. O. 34.0 
27 70.1 29.9 17.5 9.2 
28 27.5 60.4 12. 1 15.9 18.0 
29 13.0 26.5 56.8 4. 1 4.5 12.1 2.7 1.1 
- . - - - - - -- . - .. - . . - . . .. . . - . - . 
, 
TABLE 6 iv (continued) 
0/0 areas Wlderlain by: 
Chalk UGS Gault 
'30 13.3 
31 





* Weald Clay 
UGS Upper Greensand 
LGS Lower Greensand 
.... - .. - ... - - -. .' 
- . - . - . 
1'08 
0/0 areas in arable use and underlain by~ 
LGS Chalk UGS Gault LGS 
86.7 26.0 
100.0 32.5 
4.8 0.6 9.4 5.4 2.0 
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The ar&~m~nt .was. dc~eloped in part 5 that Nitrate concentrations 
in rivers draining.rljra,l catchments.. ..:, could be predicted using a 
small number of variables which described the watershed and the 
hydrological conditions. These concentrations are clearly affected 
by a multiplicity of factors but it was suggested that over a large area 
. . 
they could be related to a small number wh.ich thems elves vary 
at a large scale. There are no systematic experiments reported in the 
literature which allow a clear statement on the relations between these 
factors and Nitrate concentrations in drainage waters. The relations are 
tested by examining the concentrations observed for different combinations 
of the factors in a post-hoc analysis of variance. 
Every factor and combination of factors cannot be represented 
by these observations. Springs were sampled through all four sea~ons 
but field drains flowed during only three. Gault supports no springs, 
Chalk no field drains. Further, the effect of land use differences 
cannot be distinguished for springs be caus e catchment areas cannot 
be defined. Therefore, separate analyses are performed for springs 
and field drains. 
Each combination of factors is represented by a varying number 
of observation.s but each cell of the ANOVA ·matrix includes five of these 
observations chosen at random. The data are presented in appendix 6. 
111 
A full three way analysis of variance was performed for the 
spring observations, and four way for field drains. A summary of the 
analysis is presented in tables 7i and 7iy... Where the F ratios of 
"variances attributable to differences in the factors to the residual 
variances were significant at the 50/0 level or above, then differences 
between group means were tested using Duncan's Multiple Range Test. 
Summaries are presented in table 7ii. The data used in the analysis of 
variance is plotted as mean values in graphs figs 7i to 7x with corresp-
onding graphs for the whole data set. 
SPRINGS 
Land-use is not considered as a factor in the analysis of variance 
of spring Nitrate values because it is not possible to allocate any 
particular sort of land use to a spring's catchment. 
The three way analysis of variance (table 7i) shows only one factor, 
geology, to be significant, and this at the 10/0 level. Differences between 
Nitrate concentrations from the different lithological types explain 780/0 
of the variance. 
It is useful to consider the possible reasons why no other factors 
, 
are found to be significant. First, there must be some suspicion that 
the data is not sufficiently -sensitive but the four way analysis of variance 
performed on field drain data (see below) reveals relations with all four 
factors as well as interactio"n effects. The absence of any significant 
factors apart from geology suggests some other control, as Nitrate. 
concentrations in springs are affected by soil processes as are those 
. . .. . . . - . .. . .,' 
, 
TABLE 7 i 
SUMMARY OF ANALYSIS OF VARIANCE ON NO.,-N VALUES 
FROM SPRINGS 
Effect SS 
Geology G 102.4 
Season S 9.3 
Discharge D 0.04 
Interaction G-S 16.3 
Interaction G-D 3.9 
Interaction S-D 5.9 















51. 21 21. 97 %exp. -78% 
3. 1 n. s. 
·0.04 n. s. 
2.7 n. s. 
l.9 n. s. 
1.9 n. s. 
2.6 n. s. 
2.3 
65.96 
n. s. = not significant at 
the 10% level 
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Fig. 7 Seasonal mean values of Nitrate Nitrogen 
concentration. 
Fig. 7i Springs - showing differences between geological 
divisions. 
Fig. 7ii Springs - showing differences between discharge 
states. 
Fig. 7iii Springs - showing differences between geological 
divisions for different discharge 
states. 
Fig. 7iv Field Drains - overall seasonal mean values 
Fig. 7v Field Drains - showing differences between 
geological divisions. 
Fig. 7vi Field Drains - showing differences between 
different land uses. 
Fig. 7vii Field Drains - showing differences between 
different discharge states. 
Fig. 7viii Field Drains - showing differences between 
geological divisions for different 
land uses. 
Fig. 7ix Field Drains - showing differences between geological 
divisions for different discharge states. 
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in field drains; all spring water was at one time soil water. The 
differences are probably due to the different hydrological behaviour 
of deep ground water systems and of shallow artificial soil drainage 
125 
.systems. The storage effect of ground waters could explain the absence 
of relations with discharge and season. Perennial springs on each 
lithology are undoubtedly fed by large groundwater bodies, in particular 
from the Chalk and Lower Greensand. Discharge changes are not 
marked in comparison to field draInage systems and therefore this 
effect will be masked. It is also possible that mixing takes place within 
groundwater systems so that throughputs from soil systems represents 
a set of hydrological events through time, thus reducing the effect of 
hydrological and seasonal changes. 
Seasonal changes of flow in springs are relatively small (table 7iii). 
Large groundwater bodies, such as in the Chalk and Lower Greens~nd, 
produce lag effects of the order of a month, producing higher flows in 
the summer and lower flows in winter than areas with no ground water effects 
(Sussex River Autho'i·ity, 1968). 
Nitrate concentrations in springs increase in the order; Chalk, 
Lower Greensand, Upper Greensand. Upper Greensand springs display 
consistently higher concentrations as a group, than both others, and 
under both considerations of flow. The data used in tIe analysis of 
variance suggest some changing relationship between concentrations 
in Lower Greensand and Chalk springs from the first two to the last 
two seasons. The graphed data (Fig. 7i), however, show that the 
analysis of variance sample differs from the whole data set in this 
TABLE 7 ii 
SUMMARY OF DUNCAN'S MULTIPLE RANGE TEST ON MEAN 







Ilc > fll > flu 
llc > J.1l Ilc > Ilu 
Ilc > III flc > Ilu 
flc > Ilu III ~ flu 
J.1c > Ilu fll > flu 




: :mean N03-N concentration in Chalk springs. 
~l : :mean N0
3
-N concentration in Lower Greensand springs. 
Ilu : :mean N03-N concentration in Upper Greensand springs. 
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TABLE 7 iii 127 
MEAN VALUES OF NITRATE NITROGEN CONCENTRATIONS IN SPRINGS 
I 
Chalk 2.6 
Lower Greensand 4. I 
Upper Greensand 5. I 
seasonal means 
II III 
3.2 2.6 2.5 
4.2 2.9 2.7 
4.6 5.3 4.8 
'.. _. - - - - - ~ - . ... . - .. - - -.' . ... - . -






respect. It seems more appropriate from the latter to suggest that 
concentrations in springs from Lower Greensand and Chalk do not 
differ a great deal at any season. Considering the plot of means 
for the whole data set (Figs. 7ii and 7iii) no relations are apparent 
between Nitrate concentrations and discharge conditions or between 
groups controlled for geology, discharge and season. 
A higher concentration of Nitrates would be expected in Chalk 
springs in view of the high clay size content of its soils, (table 5i). 
Independent observations of Nitrates in drainage from Chalk soils in 
lysimeters (D. Harding, personal communication) show concentrations 
in the range 20 - 40 p. p. m. N03 -N. Very high concentrations have been 
recorded in Chalk springs near Eastbourne, even over 50 p. p. m. N03 -N 
(Green and Walker 1970). Although the authors attribute this to heavy 
fertilisation it remains clear that Chalk soils can yield high Nitrate . 
concentrations in drainage water. 
This disparity in the relative magnitude of Nitrate concentrations 
and the soil parameters seems contrary to the assumptions of Part 5. 
However, it is interesting to note (see below) that by far the most important 
parameter in explaining the variance of concentrations in field drainage' 
is the presence o:r' absence of arable enterprises. As stated, no single land 
use character,istic can be attributed to individual springs but the overall 
percentage areas in arable usage and the mean Nitrate concentrations are: 
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0/0 Arable Mean N0
3
-N ppm. 
Chalk 16 3.14 
Upper Greensand 28 4.78 
IDwer Greensand 17 2.83 
There is a close corresopndence between the relative magnitude 
of these two sets of figures. Thus, overall, springs from Upper 
Greensand are affected to the greatest extent by water which has 
derived from arable areas and springs from Chalk and Lower 
Greensand to a much less but similar degree. 
The suggestion is that, even for spring drainage, Land -use 
must be considered an important factor controlling Nitrate 
concentratiops. However there is no information which will allow 
this point to be investigated further. 
FIELD DRAINS 
Some combination of all four factors can be ascribed to 
each observation of Nitrates in field drainage samples. Therefore, 
a four way analysis of variance was performed on the sample 
data and the results are summarised in Tables 7 iv and 7 v. 
Only three geological divisions support field drainage systems; 
none was found on the Chalk. The analysis shows that all four 
factors explain significant a:rnounts of the variance at the 1 % 
level. In addition there is a significant interaction between 
Land-use and geology, ie. the effect of Land-use practices on 
Nitrate concentrations varies according to the geology of a site. 
TABLE 7iv 
SUMMARY OF ANALYSIS OF VARIANCE ON N0
3
-N VALUES 
FROM FIELD DRAINS 
. Effect SS Df Ms F 
Geology G 1743.5 2 871. 8 33.1 %exp. -
Land Use L 1890.8 1 1890.8 71. 9 %exp. -
Season S 690.9 2 345.4 13. 1 %exp. -
Discharge D 417.0 1 417.0 15.8 %exp. -
Interaction G- L 260.5 2 130.2 4.9 %exp. -
Interaction G-S 302.3- ,4 75.6 n. s. 
Interaction G-D 94.6 2 47.3 n. s. 
Interaction L-S 145.7 2 72.8 n. s. 
Interaction L- D 39.7 1 39.7 n. s. 
Interaction D-S 57.1 2 28.5 - n. s. 
Interaction G- L-S 159.8 4 39 .. 9 n. s. 
Interaction G- L-D 107.1 2 53. 1 n. s. 
0 
Interaction L-D-S 1.8 2 0.9 n. s. 
Interaction G-D-S 98.'8 4 24.7 n. s. 
Interaction G-L-S-D 175.7 4 43.9 n. s. 
Residual 3792.8 144 26.3 
Total 179 4108.5 
I continued 








TABLE 7iv. cortinued 
Analysis of Variance Controlling the Effects of Land Use: 
A: Arable Sites 
Effect SS Df Ms F 
Geology G· 1665. 1 2 832. 1 19. 1 %exp. -
Season S 735.6 2 367.8 8.4 %exp. -
Discharge D 357.2 1 357.2 8.2 %exp. -
Interaction G-S 424.9 4 106.2 n. s. 
Interaction G- D 196.4 2 98.2 n. s. 
Interaction S-D 23.2 2 11. 6 n. s. 
Interaction. G-S-D 256.5 4 64. 1 n. s. 
Residua.l 3125.7 72 43.4 
Total 89 1871. 8 
B: Non-Arable Sites 
Effect SS Df Ms F 
Geology G· 338.9 2 169.4 24.9 %exp. -
Season S 101. 5 2 50.5 7.4 %exp. -
Discharge D 99.6 1 99.6 14.6 %exp. -
Interaction G-S 35.2 4 8. 8 n. s. 
Interaction G-D 5. 3 2 2.6 n. s. 
Interaction S- D 35.6 2 17.8 n. s. 
Intera.ction G-S-D 20.3 4 5.0 n. s. 
Residual 4;}0.8 72 6.8 
, 
Total 89 360.8 
I continued 












TABLE 7iv. continued 
Analysis of Variance Controlling the Effects of Geology: 
A: Upper Greensand 
Effect SS Df Ms F 
Land Use L 694.9 1 694..9 21. 1 %exp. - 39% 
Season S 144.4 2 72.2 n. s. 
Dif"charge D 389.1 1 389. 1 11. 8 %exp. - 22% 
Interaction L-S 76.5 2 38.2 n. s. 
Interaction L-D 128.5 1 128.5 n. s. 
Interaction S-D 135.5 2 67.7 n. s. 
Interaction L-S-D 91. 5 2 45.7 n. s. 
Residual 1578.5 48 32.8 
Total 59 1764.5 
B: Gault 
Effect SS Df Ms F 
Land Use L 1284.3 1 1284.3 33.6 %exp. - 70% 
Season S 656.6 2 328.3 8.6 %exp. - 18% 
Discharge D 57.6 1 57.6 n. s. 
Interaction L-S 146.0 2 73.0 . n. s. 
Interaction L-D 8.2 1 8.2 n. s . 
Interaction S-D . 3.4 2 1.7 n. s. 
Interaction L-S- D 81. 7 2 , 40.8 n. s. 
Residual 1837.5 48 . 38. 2 
Total 59 1832.3 
.. . ..... - ....... 
, I continued 
.. 
TAB LE 7iv continued' 
c: Lower Greensand 
Effect SS Df 
Land Use L 172.0 1 
Season S 192.2 2 
Discharge D 64.9 1 
Interaction L-S 83.0 2 
Interaction L-D 4.9 1 
Interaction S- D 16.9 2 
Interaction L-S-D 9.6 2 
Residual 200.5 48 
Total 59 












41. 9 %exp. - 410/0 
23.0 %exp. - 23% 
15.5 %exp. - 160/0 




n. s. = not significant ~t 
the 10% level 
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TABLE 7 v 
RESULTS OF DUNCAN'S MULTIPLE RANGE TEST ON MEAN 
VALUES FOR FIELD DRAINS. 
Geology effect: 
PG > J.1 U > Jl L 
Land-use effect: 
J.1A > J"NA' 
Season effect: 
PI > J.1 III 
Pu > JlUI 
Discharge effect: 
Jl Q > P D 
Controlling for Land Use: 
Arable 
Geology effect: 
Jl GA > P UA > P LA 
Season effect: 
JlAI > Jl AlII 
IlAII > PAIII 
Discharge effect: 
~AQ > JlAD 
135 
-, 




IlGNA > IlUNA 
Season effect:. 
IlNAI > ,V NA1II 
IlNAII > Il NAII1 
Discharge effect: 
IlNAQ > IlNAD 
Key to symbols 
U = Upper Greensand. 
G = Gault. 
L = Lower Greensand. 
A = Arable. 
NA = Non-arable. 
I = Season I . 
II = Season II . 
III = Season III . 
D = Delayed flow. 
Q = Quickflow. 
. . ~ . - . - . .. - .. . .. .. .. . .. . " . - . .. .. .. .. - .. - - .. 
The single most important factor is Land-use, ie the presence 
or absence of arable enterprises. This accounts for 46% of the 
variance and explains more than the other three factors combined. 
Geological- differences account for 21 % of the variail-ce and 
L 
geology and ~and-use together, with their interactions account 
for 70% of the total variance. 
Unlike for springs the effect of l,,,\d-use and geology on field 
drains can be separated. For each geological type, through the three 
seasons when flows were observed for both stat es of discharge, 
arable a'reas y~ld higher concentrations of Nitrates then ~on-arable 
areas ( Table 7 vi). For each outcrop geology, land-use remains 
the single most important factor accounting for 70% of the variance 
on Gault areas. The largest difference between different groupings 
of drains are between those on arable and non-arable. In general 
concentrations in drains from arable sites are between two and 
137 
three times those from non-arable. There are only small departures from 
this range even controlling for all of the factors. 
The highest mean concentrations are found in field drains from 
Gault, 8.50 ppm N03-N. Those from the Upper Greensand 
have an average concentration of 7. 17 ppm N03-N and thos e from 
the Lower Greensand, 3. 10 ppm N0
3
-N. This order of magnitude 















MEAN VALUES OF NITRATE NITROGEN CONCENTRATIONS (p.p. m.) 
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This order is maintained when controlling for Land-use and 
discharge. During the first season, although the analysis of 
variance data sample show concentrations in drains from the 
Gault to be significantly higher than those frc:rn the Upper Greensand 
the whole data s~t shows similar concentrations. During seasons 
II and III concentrations are higher in drains from the former. 
The lack of difference in the first season is attributed to flushing, 
an effect which is most evident at sites on the Upper Greensand 
The highest weekly concentrations at these sites were during the 
first few weeks of observed flow ( see Appendix 2 and Fig. 7xii), 
several being over 30 ppm. N03-N. 
The effect has been noted by several authors and is probably 
due to the accumulation of material in the soil and the ground 
surface during dry periods. The effect was most marked at sites 
on the Upper Greensand and raised the mean value of Nitrate 
concentrations for season I to a level similar to those of the Gault. 
Nitrate concentrations are higher during wetter conditions 
( Table 7 vi) . When the effect of geological differences is controlled 
for. the relation does not hold for d .. 4 ains from the Gault. The whole 
data set for the Gault is similar to the analysis of variance 
sample ip showing no significant difference between concentrations 
under both discharge states at' each season. For drains from the site on 
Gault when the effed of land-use is controlled it is found that the 
nO,n-arable drains experience higher concentrat ions during wetter 
periods but only during the winter, season 1. Otherwise differences 
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Mean weekly values of Nitrate Nitrog~n co~centration observed in field drains from different 






The overall lack of difference is att~ibuted to the hydrological 
properties of clay soils, not allowing throughflow.to the same 
degree as lighter soils. 
The greatest effects of discharge are during season I and they 
are especially large' at arable sites. This is the period after 
a long dry summer and autumn harvest when soils probably had 
re1atively high Nitrate concentrations and the soil temperature 
had not fallen too low for mineralisation to be prevented. It is 
also during season I that the largest discharge events took place 
( F · 2 .. / ) Ig. III • 
I 
The relatively.1.ow concentrations during wet periods in 
season III are attributed to the small size of the rainfall events 
and the overall lack- of soil moisture duri~g early summer restricting 
its effectiveness in the leaching process. 
Under non -arable conditions with no discharge effects the 
conclusions from par~ 5 would b~ that available s,oil Nitrogen would 
change little during the year. A sprhig ·rise. in. soil Nitrogen' 
would be re flected in drainage water if leaching did not occur. For 
, 
non-arable sites under dry conditions for each geological type there 
are nO significant differences in Nitrate concentration of drainage 
water from season to season 'which accords with this interpretation. 
Marked seasonal changes in Nitrate concentration occur in 
.. 
drains from arable land and from non,....arable land under quickflow 
conditions. It is difficult to compare the wet parts of the different 
seasons beca'use of the different magnitudes of hydr9logical events 
. 




which they represent. Season I experienced the largest, season ITI 
the smallest. The mean Nitrate concentrations follow this pattern 
( Table 7 vi ). No drains we~:e observed to flow in season IV. 
The larges seasonal change :is from season II to season III. 
Although season III is the season when temperatures are relatively 
high, net mineralisation rates will diminish as plant growth occurs. 
This is also a time of high evaporation and consequently of low soil moisture 
which implies low potential for leaching. During season III all the 
field drains ceased to flow. 
Controlling for discharge conditions the differences between arable 
and non-arable sites for each geology are reduced significantly 
from period II but do not alter significantly from period I to II. 
This is interpreted as oeing due to the effect of plant growth 
on soil Nitrogen. 
The effects of sampling the whole data set for groups 
of only five observations makes more detailed analysis risky as there 
are some discrepancies between their patterns of change and the 
changes of the whole data set. 
SUMMARY. 
The four factors which form the basic ir ... puts to a simulation model 
explain high proportions of the variances of Nitrate concentrations 
in a set of samples from field drains and springs. The differences 
8fC>Vr 
between!ll1eans..-.. ". correspond to those that would be expected from 
the arguments presented in part 5. Therefore it is concluded: 
... ' ·that ·the-physical basis of. the model is justified. 
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PERIODS OF FLOW. 
The effects of field drains and springs on Nitrate concentrations 
in rivers depends in part on their concentration of Nitrates and 
in part upon the volumes of their flow. No measurements were 
made of discharge sources. However, it is useful to consider 
their period of flow in order to assess vJhen these sources are potential 
major contributol~.s 'of Nitrate to the river. 
Periods of flow depend to a large extent on the rainfall during 
a year and this prevents any general statements about this 
variable, especially as the study year was a dry one, but 
it is possible to make comparitive statements. 
, Upper Greensand and Lower Greeniand did not support 
drains which flowed for more than 28 weeks of the study period. 
\ 
/ 
Gault did not support any which flowed for more than 35 weeks. 
During the periods when the selected drains did not flow, no 
other drains were observed to do so. The periods of flow are shown 
in Appendix 2; the averages are: 
Upper Greensand 17 weeks 
Gault 29 weeks 
Lower Greensand 17 weeks 
Drains from Gault flow for significantly longer periods than from 
the other geologies. Heavy clay soils are much less permeable than 










_ • _ • _ .. ... • '" •• 1 : 
, , 
1 
* of magnitude difference) , and therefore will produce Illore 
quickflow after rain. The fact that flow is sustained for longer 
periods is attributed to their slow draining. The general relation 
and 
between conductivity soil suction ( after Hillel, 1970) is presented 
in Fig. 7 xiii. Under similar conditions this implies that th.e 
comparative time changes of flow are as in Fig. 7 xiv. 
Chalk, Upper Greensand, and Lower Greensand supported 
springs which flowed throughout the period of observation. Those 
. 
from the Upper Greensand flowed for a shorter period .. han either 
Chalk or Lower Greensand. Their average periods of flow 
during the study were: 
Chalk 45 weeks. 
Upper Greensand 34 weeks. 
Lower Greensand 41 weeks. 
Assuming that the size of the groundwater body feeding' springs 
is proportional to the size of the topographical featur.es formed 
by each lithology then the Upper Greensand, forming a bench in 
front of the Chalk escarpme.nt, has the smallest groundwater 
body. This probably accounts for the shorter average period 
of flow of the Upper Greensa~d springs. 
* Horizontal Hydraulic Conductivity ( saturated): 
Fine sand 5.8 x 10- 3 CIll/ sec. 
, Sand loaIll 1.6 x 10- 3 ' 













































Hypothetical relations between soil conductivity 











































Hypothetical time changes of flow rate from 
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The N03 -N 'concentrations in th~ river and its tx:ibutaries 
depend not only upon the flow from the springs and field drains rut 
also from sewage works. It is necessary to consider their behaviour 
before hypothesising the values to be found. 
The largest point sources of nitrates to the river are the five, 
sewage works of the area at Buriton, South Harting, Rogate, 
Liss and Petersfield. The First Periodic Survey of the Sussex 












These discharges can be expected to be higher during 
i972-3 because of the increase in population and per capita con-
sumption of water. Continuous monitoring at the Petersfield works 
during 1972-3 shovl' a dry weather flow of approximately 6000,000 
galls! day, equivalent to 2740 M3! day .. This is an increase in the 
ratio 1:1. 38. Assuming similar changes for each works the dry 























There are no large industrial inputs to these works although 
effluent from an abattoir is received at Petersfield, and from three 
farms at South Harting. All these works use percolating filter beds 
and settling tanks. Nitrogen i.s converted into the Nitrate form 
through bacteriological action. The effectiveness of the process 
depends on the activity of the bacteria which is strongly controlled 
by temperature. Thus during warmer weather higher Nitrate 
concentrations are found in the effluent from this type of works 
( see Appendix 2). Lower concentrations are found in the newer, 
more efficient works. Pelersfield works is newer and has 
consistently lower concentrations in its effluent than the older 
( pre-war) works at Lis s. The effluent from the older works 
generally contains higher Ammoniacal Nitrogen concentrations and more 
suspended solids. The effect of these on Nitrate Nitrogen concentrations 
in rivers is difficult to assess. In the Rother, where the effluent 
load on the main stream is not large, oxidising conditions prevail. 
The total effluent load is of the order of O. 10 cumecs (Water for 
Sussex, 1968) whereas the expected summer baseflow is 2.2 cumecs. 
for the whole Rother basin ( are.a 470 sq km. ). Above Iping ( area 
153 sq km. ) total flow equivalent of effluent is, according to 1963 
data, 0.045 cumecs. The dry weather flow of the Rother at Iping 
is approrimately O. 7cumecs, fifteen times larger. If the effluent 
load is assumed to have increased by a factor of 1. 38 the flow 
equivalent· would be 0.062 cumecs, one eleventh of the expected 










There is a possibility that the Nitrate load of the river will 
be increased by the oxidation of the effluent material after entering 
- '\ ' 
the river. There is no data to test this e££ect. However, the 
concentrations of Ammoniacal Nitrogen in the sewage effluents 
during the study was generally less than 1 ppm. (approximately 
5% of the Nitrate Nitrogen load) during low flow. If it is assumed 
that suspended solids contain 50/0 Nitrogen and constitute 50 ppm. of the 
effluent, then the concentration of Nitrogen is 2~ 5 ppm. or approximately 
12.5% of the total concentration of Nitrate Nitrogen. If this is totally 
converted to Nitrate in the river then the effect on the concentrations 
in a river where 50% of the load comes from sewage works and the 
expected concentration is 5 ppm., will be 0 .• 3ppm. Thus, even in 
the unlikely event of all of the largest possible load of Nitrogen being 
converted to Nitrate in the river the net effect is relatively small. 
Nitrate concentrations in the effluent are seriously affected by 
management practices. If filter beds become clogged or pOisoned 
or settling tanks fail to operate efficiently there is a tendency for • 
NH4 - N and suspended solids concentration t~ rise and N03-N 
concentration to fall*. Such e££ects are generally short-lived. 
The River Authority maintained regular inspection of the works and 
samples were taken frequently to enforce the Royal Coininission 
standards. 
* Such an occasion was March 21s! 1973: N03- levels 'fell at Petersfield 
while rising at Liss from the previous week. NH4-N concentrations 
increased from negligible to 40ppm. 
-



























Concentrations of Nitrate in the effluent are not observed to 
, 
be affected by influent load. No discerni.ble patterns of concentration 
were observed during the 24 hr cycle of operation ( Appendix 3). 
When the influent is affected by storm flows however; there can be very 
large changes in the Nitrate concentrat~on in the effluent. Storm 
water systems are often routed to sewage systems and provide 
a greatly increased flow during wet weather which great ly dilutes 
influents. Most works are provided with overflow tanks but these 
occasionally fail and wastes flow directly through the works without 
treatment. In these circumstances wastes are very dilute in Nitrates. 
Flows from the works at Petersfield are monitored continuously 
and therefore it is possible to make estimates of the flow from the 
other works. Eftimates are made using total daily flows at the 
Petersfield works, Q ; other works are assumed to discharge a p 
constant· proportion of the effluent at Petersfield. The proportions 











It is assumed that the two main variables affecting Nitrate 
concentration in sewage ef£luen~ at a particular works are air 
temperature and discharge at the works. 'The data from Liss and 

























A model of Nitrate con~entrations (Ni ) expressing these relations 
has been constructed, based on 9.00 am screen temperatures at 
Rogate (T) and mean daily flows at Iping (QI) . It takes the form: 
Log Ni = aT + b log Q1 
A multiple regression procedure was used, employing a WANG 
desk top computer. The analysis is presented in Table 8 i. For 
the Petersfield works Nitrate concentrations the adjusted multiple 
correlation coefficient is O. 847, ie. 71% of the variance is explained 
by these two variables. The dominant variable is discharge, alone it expla-
ins 59% of the varianc;e. ,Discharge and temperature are probably 
not independent variables and so it is not possible to apportion 
variances. 
The same model for the Liss effluent data yields a multiple 
cor(eIJation coeffident of 0.763, ie. 58% of the variance is explained •. 
However, the dominant variable here is temperature, though alone. 
it explains only 43% of the variance in nitrate concentrations. 
As estimates of flow from works other than Petersfield are 
not available they have been made on the basis of a constant 
proportion of those at Petersfield. 
The behaviour of the works varies somewhat in terms of 
N03- N values.A 'witable general model is not likely to be based 
on available information. Therefore, in the analysis which 
follows values relating to the Liss and Petersfield works are used 
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TABLE 8 i 
SUMMARY OF REGRESSION 0F NITRATE CONCENTRATIONS AT LISS 







Mean Weekly Temperature, Rogate 
Log Daily Discharge, Iping Weir 
N03 -N Concentration - Liss Works N03 -N Concentration - Petersfield Works 
LISS 
-----





















































Buriton, which are of recent construction are assumed to behave 
similarly, as are, those at Liss, Rogate and South Harting, which 
are of older construction. 
PROGNOSIS 
-
During the year, because of changes in flow and concentration 
there are changes in the relative importance of the various sources 
contributing to the Nitrate load of the river. It is postulated that 
the pattern of change of Nitrate 'in the main river system will 
correspond to these changes in the following way: 
1. In the upper stretches of the tributaries, which 
derive from the Chalk, the Nitrate concentrations will remain 
relatively constant throughout the year in the range 2 - 4 ppm. 
2. Where tributaries cross the Upper Greensand, which 
generally supports a high percentage of arable land use, 
concentrations of Nitrate will rise. During the drier parts 
of the year this rise will be small because of the absence 
of field drainage. In the wetter parts of the year the rise will 
be very substantial, particularly in the first wet periods after 
long dry spells. 
3. Where the Gault supports relatively large areas of 
arable land there will continue to be a rise in the Nitrate 
concentrations as the tributaries cross this outcrop. 
Otherwise changes will be relatively small. Bocause til 
'the effect of sources is largely invers~ly proportional to the 
. ---

















discharge in the river, t he changes in crossing the 
Gault may not be as great as the relative difference in 
conceritrat ions between drains on this and Upper Greensand. 
4. As tributaries cross the Lower Greensand, 
concentrations will fall though, again, not in proportion 






5. Changes in Nitrate concentrations in the river below ri 
~ :i 
sewage works will·be greater in summerlfor the same flows' in winter.l 
6. During summer the downstream profiles of 
Nitrates will be smoother and lower than in winter except 
where sewage works 'are found, where the pattern will be 
reversed. 
7. The major departures from generally low Nitrate 
concentrations will be due to the effects of: 
a) land drainage from arable land on the 
Upper Greensand and Gault in wet periods, 
particularly in seasons I and II. 
b) sewage works at all times of the year except 
during very high flows, but particularly 
during low flows in Seasons III and IV. 
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Having tentatively established the relations between the factors and 
N0
3
-N concentr~tions at the scale of spring.s and field drains and 
knowing the behaviour of t1.1e other major source of Nitrates, 
. ~e/ sewag'e' effluents, two problems remain: 
i. what are' the relations between the four factors 
and NO -N c'oncentrations in the streams and 
3 
the river? 
ii. can the four factors be used to predict these 
N03-N values? 
, . 
An examination of the downstream changes 'of N0
3
-N conc.entration 
does not provide a suitable quantitative m.ethod of analysis but 
does allow some ,selectivity in examining the data. 
Individual profiles show the effects of g:eology'a-nd 1..and- Use, 
and the presence of the major effluents. ,These for the main river 
( ':fable 9 i) show the dominant effect of sewage 'effluents on the 
overall'profile. The effect is more marked in the drier seasons, 
III and IV, though in fact the highest cone entrations in the main 
river are found in the wetter seasons. That the effects appear to 
be shown only im.mediately downstream is probably due to the 
sampling. time in relation to the downstream movement of effluent 
peaks and this in fact provided a reason for the time of sampling. 
The profiles for the tributary streams show more marked 
features. Again some of the major changes are due to the presence 
. . 
of sewage works; on the Stanbridge Stream network at Buriton and 
on the Harting Stream at South Harting. B~low these works (Table 9 ii). 
Seasons I and IV show the greatest downstream changes. Examination 
. - .... ~ ........ - . - ......... - ........ ,. 





TABLE 9 i 
II 
SEASONAL MEAN VALUES OF NITRATE NITROGEN CONCENTRATION AT STATIONS ON THE MAIN RIVER. 
Station Seasonal Means Delayed Flow-Means Quickflow - Means 
I II III IV I II III IV I II III IV 
Main River 
1 2.24 1. 98 1. 82 0.98 2.04 1. 85 1. 32 0.93 2.47 2.40 3.47 1. 60 
2 4.32 3.28 3.42 4.66 3.90 3.09 3.40 4.70 4.82 3.93 3.47 4.20 
3 3.02 2.76 2.57 2.26 2.80 2.63 2.33 2.25 3.28 3. 20 3.37 2.40 
, 
4 4.26 3.44 3.68 3.35 4.39 3.38. 3.54 3.35 4.12 3. 63 4. 13 3.30 
5 3.96 3.18 3.12 2.68 3.73 2.95 2. 85 2. 66 4.23 3.93 4.00 2.90 
6 5.03 3.90 4.27 4.58 5.11 3.804.16 4.67 4.93 -123 4.63 3.40 
7", 4.42 3.75 3.40 3. 12 4.07 3.58 3. 12 3.08 4.82 4. 33 4.33 3.60 
8 4.81 3.81 3.57 3.17 4.49 3.67 3. 38 3. 14 5. 18 4. 37 4.20 3.50 
9 5.14 3.83 3.79 3.71 4.96 3.69 3. 61 3. 69 5.35 4.30 4.40 3.90 
10 5.07 3.91 3.62 3.35 4.77 3.75 3.40 3.32 5.42 4.43 4:.37 3.70 
-~~~" ~~""--~~"~"~~~-- "'-~~ ~~ ~ .-~,.~~~~ ..... -~---

















TABLE 9 ii 
SEASONAL MEAN VALUES OF NITRATE NITROGEN CONCENTRATION AT STATIONS ON TRIBUTARY STREAMS. 
, 
, 
Station Seasonal Means Delayed Flow - Means Quickflow -Means Overall 
I II III IV I II III IV I II III IV 
mean. 
Hammer Stream " -
11 3.97 3.57 2.30 1. 57 3.04 3.29 2.00 1. 57 5.05 4.50 3.30 1. 60 2.85 
Batts Brook 
12 2.96 3.12 2.61 1. 97 2.33 2.94 2.44 1. 92 3.70 3.70 3.17 2.60 2.66 
13 2.96 3.52 2.45 1. 22 2.00 2.94 2.02 1. 15 4.08 5.50 3.90 2.00 2.54 
Coldhayes Stream 
14 3.31 4.59 3.68 3. 13 2.39 4.53 3.62 3.07 4.38 4.80 3.87 3.80 6.40 
15 9.14 7.56 5.27 3.65 3.70 6.34 4.50 3.51 15.48 11. 63 7.83 5.30 6.40 
16 7.39 6.21 3.85 1. 85 3.17 4.99 3.06 1. 75 12.32 10.27 6.50 3.00 4.82 
Ashford Stream 
17 2,46 2.42 2.00 1. 64 2.09 2.36 1. 91 1. 61 2.90 2.63 2.30 2.00 2.13 
18 3.47 2.72 2.43 2.02 2.71 2.53 2.21 2~00 4.35 3.33 3.17 2.30 2.66 
19 3.52 .2.73 2.40 2.02 2.64 2.49 2.18 2.00 . 4.53 3 .. 53 3. 13 2.30 2.67 
Tilmore Brook 
20 3.54 6.82 8.62 9.92 1. 27 7.32 9.19 9.06 6.18 5.17 6.70 9.50 7.23 
21 2.95 3.35 2.37 1. 97 2.54 3.26 2.09 1. 60 3.43 3.67 3.30 6.40 2.66 
22. 2.49 2.72 '2.41 1.9.9 1. 89 2.57 2.19 1. 85 3.20 3.20 3.13 3.70 2.40 
Stanbridge StreaIll 
23 2.08 2.92 1. 92 1. 21 1. 47 2.92 1. 82 1. 11 2.80 2.93 2.27 2.40 2.03 
24 4.45 4.20 2.78 1. 59 1. 99 3.71 2.03 1. 44 7.32 5.83 5.30 3.40 3.26 
25 4.00 3.88 2.43 1. 52 1. 49 3.44 2.00 1. 35 6.93 5.37 3.87 3. 60 2.96 
26 6.53 4.16 3.82 5.45 6.34 3.86 3.66 5. 61 6.75 5.17 4.35 3.50 4.99.-
I cont. t"t 
CO 
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TABLE 9 ii cont. 
Crund1e Stream I II III IV I II 
27 4.17 2.75 1. 18 0.23 0.89 2.05 
28 3. 13 2.73 2.22 1. 78 2.30 2.55 
29 3.38 2.65 1. 38 0.55 1. 93 2.37 
30 4.41 2.72 1. 48 1. 02 3.01 2.41 
Harting Stream 
31 2.88 2.87 1. 98 1. 24 1.·90 2.79 
32 7.09 4.82 6.70 8.61 8.69 4.93 
33 6.40 4.18 5.25 7.68 7.10 4.31 
34 6.72 4.29 5.65 6. 69 7.90 4.42 
Dumpford Park Stream 
35 8. 12 6.34 5.08 4.82 5.30 6.10 
Go1drings Stream 
36 11. 11 10.68 9,47 8.54 10.36 9.97 
\ 
~-----!-
III IV I II 
0.65 0.17 8.00 5. 10 
1. 96 1. 70 4.10 3.33 
1. 15 0.52 5.08 3.60 
1. 27 1. 01 6.03 3.77 
1. 88 1. 20 403 3. 13 
6.98 8.88 5.23 4.47 
5.61 7.95 5.85 3.77 
6.02 6.84 5.33 3.87 
5.05 4.68 11.42 7. 13 
9.85 8.52 11. 98 13.07 
-, 
III IV 
2.93 1. 00 
3.07 2.80 
2. 17 1. 00 
2.17 1. 30 






















which were periods of continued low flow. 
. . . 
Other noticable effects are associated with sites below areas 
underlain by Gault. In particular along Coldhays Stream (Table 9 ii) 
These effects are most marked in periods I and II, though weekly 
values show no effect during the first few weeks of season I ( Appendix 
2). A similar pattern is shown in the Stanbridge Stream above 
the A3 station and along the Ashford Stream below stations at Roke 
and Harrow. In the latter the effect is much les's marked but the 
basin is not dominated by Gault to the same extent as for the other 
streams. 
Batt's Brook basin between Barefoots and the A325 is underlain 
predominantly by Gault but very little is arable land-use and there 
are nO significant downstream changes ( T~ble 9 ii & Table 9 iii). 
Concentration changes along the Crundle Stream seem to possess 
other relations. The most marked increases in concentraton are 
<> 
during seasons III and IV along a stretch draining predominantly 
Upper Greensand and the most marked decreases are along a stretch 
draining Pl:'edominantly Gault. There are no major ch~nges 
during seasons I and II. These apparent anomalies can be explained 
by the patterns of land-use. The Upper Greensand above Goose 
GreeJl. is 420/0 in arable use and the reach in between contains a la~e 
which acts as a nutrient trap. Thus the concentrations decrease along 
the lower stretch even though it .~rains a large area of Gault. High 
concentrations above Torberry in seasons I and II are associated 
with pigh % land in arable use~ 31 %, on the lower Chalk. Thus 
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during seasons I and II there are no significant downstream 
differences in N03-N concentrations in the Crundle Stream. 
Another anomaly is presented by the Tilmol1.Brook which shows 
an increasingly marked downstream change as the seasons progress. 
The uppermost part of the basin above Barelapds is dominated by 
Gault but very little is in arable land use. This would explain 
a downstream decrease in concentration but not the unusual seasonal 
change. The site at Bgrelands however, is strongly affected by 
farm yard drainage and much higher concentrations of NO 3 -N are 
found than would normally be the case and the effect increases 
during the seasons of low flow, ie. III and IV. 
In general the downstream changes correspond to those 
expected from the previous analyses. The most distinct 
features are the importance of Gault areas and the sewage effluents J 
where they occur. Further they produce their most pronounced 
effects· at different seasons. In the main river the most pronounced 
effect is from sewage works although the highest concentrations 
occur in winter months when land drainage is most effective. In 
the tributary stream the effects of the other factors can be 
discerned. 
The data can alEO .be considered as at-a- station time changes. 
On inspection a distinct set of patterns emerge of change in mean 
~ 
values. There are three distinct patterns of change: 









2. a peak in season II. 
3. peaks in season I and season IV. 
Some stations do not exhibit any pattern which is recognis ed at 
. other stations and these are put into a miscellaneous class, ie. 4. 
Thes easonal changes of mean values are presented in Table 9 iv, 
~seJ t.~ po."(~ t "urs 
with significance!indicated in Table 9 v. Pattern 3 is associated 
with sites below sewage works. These are sites with higher 
concentra~ions during seasons I and IV and lower concentrations 
during seasons II am III. On Harting Stream, the three stations below 
Harting Sewage Works show this pattern as does the station, 
Stanbridge, below Buriton Sewage Works. On the main river, 
Durford, below Petersfield works shows pattern 3, however, below 
Liss works, at Prince's Bridge, this pattern is distorted for no 
. 
discernl.ble reason. Pattern 3 is also found at the Hawkley 
station suggesting that an effluent discharges into the river above. 
No account has been taken 50 far of any works nor have any of the' 
analyses indicated its existence. In fact, a very small sewage plant 
does operate in the basin which serves the small community 
of Le Court. 
The other patterns of change are more difficult to interpret. 
Overall the highest concentrations are found in season I. This is the 
season of the highest now, when most fallow land is found and 
165 
... 
when there is a likelihood of flushing. Considering the patterns for the 
twenty eight sites not affected by sewage works only three, 28, 29 and 
30, show a monotonic decrease (pattern I) from each station 
to the next which ~ significant. However, if two seasonal means 
I 
. ' 
a 0 .... ,,-.' 
TABLE 9 iv 166 
PATTERNS OF TIME CHANGE OF SEASONAL VALUES OF 
N03-N CONCENTRATION. 
Station Pattern type No. Pattern for delayed 
flow conditions 
1 1 1 
2 3 3 
3 1 1 
4 4 4 
5 1 1 
6 3 3 
7 1 1 
8 1 1 
9 1 3 
10 1 1 
11 1 2 
12 2 2 
13 2 2 
14 2 2 
15 1 2 
16 1 2 
17 1 2 
18 1 1 . 
19 1 1 
20 4 4 
21 2 2 
22 2 2 
23 2 2 
24 1 2 
25 1 2 
26 3 3 
27 1 2 
28 1 2 
29 1 2 
30 1 1 
31 2 2 
32 3 3 
33 3 3 
34 3 3 
35 1 2 
36 1 1 
L. G. S. - Lower Greensand 
U. G. S. - Upper Greensand 





L. G. S. 
U. G. S. 
L. G. S. 
L. G. S. 
L. G. S. 
L. G. S. 
L. G. S. 
L. G. S. 









U. G. S. 
L. G. S. 
Gault 
L.G.S. 
L. G. S. 
U. G. S. 
U. G. S. 
Chalk 






. L. G. S. 
Gault 
L.G.S. 
TABLE 9 v 
SIGNIFICANT CHANGES IN SEASONAL MEAN VALUES AT 





















































































































* - not significantly different 
at O. 10 level. 













two seasons apart are significantly different and the one between 
is not significantly different from one or both and its value is 
between the first two means then there is still a significant 
monotonic decrease. Using this criterion then a total.of twenty 
one sites are considered to show pattern 1. Similarly, in spite 
of some non- significant differences between adjacent seasonal means, 
a total of seven stations show pattern 2, although at stations 
12, 13, 22 and 31 there may not be an increase from season 
I tol:r. 
The existence of pattern 2 at a station was interpreted as 
meaning that the flow at these sites was predominantly delayed flow. 
Each of these sites is below a basin which is dominated by 
l\u:,u5~ ~ ~ SLt"es vn~ -ttu.. s.~ ~AC.Ye..-n.ohl. 
permeable 1ithologies~which show pattern l,ie stations 18,19,27, 
and 28. These four sites are distinguished by being below basins 











This inspection of the data shows that it is likely that the 
relations found at the site scale are manifest at the basin scale 
, . 
too. In order to e~amine the contention further a multiple 
linear regression tqodel, expressing ~he relation betwee~ the 
, 




As the only factor which has a time variation is season the 
regression model takes the form: 
where N. is a seasonal mean value for particular conditions of 
1 
discharge state, land-use and geology; e. the error term 
170 
is assumed to be normally distributed about a mean of zero, and a is a 
constant. 
The site data showed complex relations between the four factors 
and N0
3
-N values, which included significant interaction effects. 
Two of the factors, season and discharge must be treated as 
dummy variables. This is equivalent to an analysis of variance. 
Four seasons can be represented by three dummy variables, 
During season I, Sl 01 and S2= S3= 0 and so on. 
During season IV • Sl =S2=S3=0 • Similarly discharge state 
was represented by D, taking the value 0 for delayed flow 
conditions and 1 for quickf10w conditions. Geology was represented 
by the % area in each sub-basin underlain by each lithology ( C, U. G 
and L). Land use was. represented by the % total area in arable use, 
A. 
However, the analysis of river data and of site data 
showed the presence of interactions which had to be taken account 
of. Seasonal changes. for instance, are different for quickf10w 
and delayed flow conciitions and the effects of land-use and 
geology differ according to seaso~ and discharge state. These 
effects can be represented by interaction terms in the regression 
, 
For example the equation , 
where b l s are regression coefficients and X is an independant 
variable representing land-use( or geology) , can be made to 
include interaction effects, and then expands to become: 
Only interactions between the dummy variables and X are considered 
but other interactions are equally valid. 
A model using dummy variables but no interaction terms can 
be represented by a set of parallel lines (Fig. 9 i) on the N. - X 
1 
plane, whereas the use of interaction terms allows for differences 
in the slope of the regression functions according to which 
category of dummy variable is employed ( Fig. 9 ii). This 
latter regression model contains all the information needed to 
write a separate regression equation for each category of the 
dummy variable 
Ni = ~ a + b l) + ( b 5 + b 6) X 
There are four seasons, two discharge states, four 
geologies and two land-use categories, and thus the total number 
of interactions is two hundred and ten. The model is to be 
.. 
calibrated and tested against mean values from the set of thirty 
six sub-basins. Because of the pattern of tributaries only ten 
independant basins can be chosen. These are the sub-basins which 
. . .. . . . . . . . . - .. .. .. '".. . .. - . . - .. .. .. .. - .. - .. . - - .. 
occupy the headwaters of the main river and tributaries. 
~ 
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Graphical Representation of the Effect of Dummy Variables 
with Interaction Effects in Multiple Regression . 
. 
- . - . - - .. . -.' 
Thus there are only eighty seasonal mean values for calibrating 
the model so clearly the full interaction model cannot be 
employed without modification. 
A smaller number of variables were chosen which it was 
hoped would 'provide a suitable set of independ«r;lt variables 
in a regression model. The interacting effects of season and 
discharge were represented by a set of seven dummy variables, 
Sl to S7. These took the values I 0 0 0 0 0 0 during delayed flow' 
conditions of season I and so on, until 0 0 0 0 0 0 0 represented 
quickflow conditions in season IV. 
The most significant effect of land use and geology is due 
to the interaction of arable land use and Gault. This was represented 
by a variable, GA, the % of the total basin. area on Gault and in 
arable land-use. A second set of variables representing the changing 
seasonal and discharge effects were produced as interactions 
, between GA and Sl to S7. GA cannot be used alone to describe 
the land use! geology characteristics of a, basin since several basins 
do not contain any area on Gault but are still manifestly different. 
~ second geology variable was used ( L+C ) to represent the 
effect of :. roc~s . very different from Gault. The sum of % areas 
. on Chalk and Lower Greensand was used to ensure that each 
basin should be represented by at least one of these two variables. 
For no basin did L=C=GA=O. A set of interaction variables 
between (L+C) and 8 1 to 8 7 was also used. 




regression model. A stepwise proceedure was used to generate 
a regression equation. This is summarised in Table 9 vi. Only 
the first eight steps are considered. By this stage over 80% of 
the sum of squares in the depend~nt variable is accounted for. 
The eventual multiple R 2 value is 0.8377 after the addition of 
20 variables. 
The first variable to enter is GA, which alone,accounts 
for 70. 2% of the total sum of squares. The second variable is 
54 ' the interaction between high discharge events and season 1. 
The coefficient +1. 37 indicates that the mean values are higher 
by this amount over other condit ions. Other variables enter 
2 
with little further improvement in R . It is noti~able that 
(L+C)54 and (LtC) have very small coefficients. The only 
. 
negative coefficient in the first eight variables selected is 
- O. 70 for 57' the condition for low discharge events in season 
IV. The higher readings of season II low discharge events are 
also shown in the equation and the interaction between GA and 
high discharge events in seasons I and II. 
Each of these characteristics is one which was shown for 
the data from sites and by inspection of the weekly values at the 
stations. 
The equation after the addition of eight variables is: 
N= 0.64+0. 78GA+0. OI(L+C)+1. ~752+0. 5553-0. 7057+0. 2IGA. 52 
+0. 22GA. 5
4
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TABLE 9 vi , 
SUMMARY OF STEPWISE REGRESSION PROCEDURE. 
Depend«nt Variable: 
1 Mean N03-N concentration in p. p. m. for a sub-basin 
controlled for sea~on and discharge state. 
Independent Variable: 
2 GA, % area of basin in arable land use on Gault. 
3" LtC , % area or-basin on Chalk and Lower Greensand. 
4 5 1,1 for delayed flow in season 1,0 otherwise. 
5 5 2,1 for quickflow.in .f?eason 1,0 otherwise. 
6 53,1 for delayed flow in season II, 0 otherwise. 
7 54, 1 for quickflow in season II, 0 otherwise. 
8 55,1 for delayed flow in season III, 0 otherwis e. 
9 56,1 for quickflow in season III, 0 otherwise. 
10 S 7,1 for delayed flow in season IV, 0 otherwise 
11 GA. S l' interaction of GA and "S"1 . 
17 GA. Sci' interaction of GA and 57. 
18 (L+C). 51' interaction of (UC) and 5 1" 
24 (L+C).57 ' interaction of (UC) and S 7. 
Step Regression Equation R2 F-value 
1 (1)=0.799(2)+1. 611" 0.702 184 
2 (1)=0.799(2)+1. 761(5) 0.748 14. 1 
+ 1. 39-
3 {l)=O. 809 (2)+1. C!J59(5) 0.787 14.1 
+0.032(21)+1. 16 
... 
4 (1)=0.836(2)+1. 938(5) 0.801 4.9 
+0.0 29(21)+0.013(3) 
+0.554 
: "_ ..... :.-....... : ........ - -....... : .......... " ." .. " .. " .. " .. .." : ." .. ; .. : .::-: :-.. .. .. .. .... -..... : ..... '"." .. .. .. .. ' .. " .... 
" " " 
.. ..., .... 
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TABLE 9 vi, cont. 
Step Regression Equation R2 F-va1ue. 
'5 (1)=0.838(2)+1. 802(5) 0.811 4.0 
+0.026(21)+0.013(3) 
-0. '848(10)+0.678 
6 (1}=0. 814(2}+1. 835(S) + 0.817 2.5 
0.019(21)+0.014(3} ... 




7 (1}=0. 784(2}+1. 267(5) 0.823 2.2 
+0.018(21)+0.014(3) 
-0.812(10)+0.217(14) 
+0. 215(12}+0. 740 





.' .' . . . . ~ . . . - .. ~ . -.' - .. .. 
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The residuals are presented in Table 9 vii. With over 80% 
explained variance the model can be regarded as successful 
statistically but it is important to examine the residuals for 
. patterns. There appear to be autocorrelations in the set as 
they tend to be all positive or negative for some groups' of 
eight mean values associated with particular sub-basins. However, 
it is necessary to define the acceptable inaccuracy in estimates. 
There is no entirely satisfactory method as both percentage 
error and absolute error need to be considered. However, the main 
patterns in residuals can be identified considering absolute errors and there 
is no need to consider the standard errOr of the estimates for each mean 
value. The margin of error used is 1.0 units. 
Considering the individual sub-basins there are only large and con-
sistent errors in the case of sub-basin 1, where the computed values are 
higher than the observed by at least 1. 5. Similarly within sub-basin 2 the 
computed Wlues are all higher but four of them by less than 1. O. There 
is' no discerni.ble reason why these two basins should show such large 
anomalies. 
There is some tendancy for high anomalies to be shown for quickflow 
conditions in season 1 where the estimates are less than the observed 
values. This can be interpreted as a flushing effect. However, it does 
not apply to all basins and those to which it does apply have no marked 
similariti,es in land use or geology. 
Basin 27 shows an interesting pattern of alternating positive 
and negative residual values but most are less than 1. O. Only 
for q~ickflow con~tions in seasons land 11 are the residuals large. 
TABLE 9 vii 
TABLE OF ACTUAL, PREDICTED AND RESIDUAL VALUES FROM 
THE STEPWISE REGRESSION MODEL OF MEAN NITRATE 
NITROGEN CONCENTRATIONS FOR HEADWATER SUB-BASINS. 
Seasons 
178 

















































2. 1 2.9 
1. 7 3.0 
0.4 -0.1 
1.4 2.81 






















































































































































































D= delayed flow conditions 
Q = qui ckflow condi t ions. 
0= observed value 
c= computed value 














































Thi s sub-basin is :mostly in lower Chalk and this sort of land 
can be expected as a heavy type which would account for thes e 
anomalies. For the conditions of season and discharge there 
are no discernible patterns of positive or. negative anomalies. 
The equation shows the, dominant effect of arable land use 
on Gault and the distinct characteristic of quickflow events in 
season I {52} . The effect of Chalk and Lower Greensa~d is 
small but significant. The other interacting dummy variables 
show the importance of both quickflow and delayed flow in season 
II, woth higher concentrat ions and the lower concentrations in 
delayed flow events in seaoon IV. 
These coefficients are in some sense an artifact as there 
\..- is no special reason for including only seven variables other than 
./~,,~ t 
'i ·that· with addition of new variables changes in R 2 are negligible. 
With different steps in the stepwise process the coefficients 
change and one variable, 53' is removed. 
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The regression model applies to sub-basins which occupy 
the heads of the tributary streams. It is unlikely to apply to 
different kinds of basins without alteration of the coefficients 
or even reselection of independent variables depending on the 
characteristics of other basins. However, a test of the relations 
expressed in the model can be made in two ways: 
i by estimating N03-N concentrations ih the 
remaining sub-basins, which are downstream of those 
used to calibrate the model, and assuming that the, 
effects of adjacent basins are additive when computing 
estimates at successive downstream stations. 
ii by estimating N03-N concentrations for a 
year with different conditions of land use and discharge 
and comparing with actual observations. 
These lead on to and involve a second set of problems: 
a. the prediction of N03-N concentrations in large 
basins. 
b. predicting time changes of N03-N concentrations. 
c. predicting weekly, or other short time period 
variations. 
Each of these second set of problems requires an extension of the 
use of the four parameters and the addition of new information. The 
fundamental problem of this thesis is to what extent can N03-N values 
-be predicted on the basis of simple, easily measured information. 
Thus the crucial question which arises is what new information 
-.' needs to be_added to predict successfully under 
, 
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the new conditions. 
The model deals with mean NO 3 -N values for either of the 
two discharge states in a season. At this degree of resolution in 
t,ime it is assumed that discharges from different sub- basins 
are proportional only t~. their area. Therefore assuming that a unit area 
yields a unit volume of water, these volumes can be routed through a network 
:model in order. to calculate concentrations at stations on tributaries 
and the main stream. 
Rich (1973) presents a general model for the transport of 
solutes in river systems. He represents the transport system as 
a two-dimensional lattice ( Fig. 10 i) defining a set of discrete 
fluid volumes. Transport between adjacent volumes is indicated 
by arrows.EaGp. volume is considered homogeneous along the 
third dimension. A river system can be regarded as a variety 
of such a lattice with many non-transmitting boundaries. 
The finite model takes the form: 
V. 
1 dc I = dt 
(G .. +D .. ) J1 J1 s. 1 III 
where dC I is the time rate of change of concent,rations of material dt 
in volume i V. is the volume of fluid in volume i; G .. is the 
1 ~ 
transport of material from j to i by advection; D .. is the transport 
1J 
of material from j to i by dispersion; and S. are sources and 
1 
sinks of material in volume i. 
The advection term may be expressed as: 











NOTE: For river systems most of the exchanges are redundant. 
Fig. 10. i Environrnental Medium Segmented in a Two-Dimensional 
Lattice ( Rich, 1973 ). 
G .. Jl = Q .. Jl 
(I-d .. ) C.]· Jl 1 
.. 
where Q .. is the volume of transport fluid from j to i; d.. is a net 
Jl Jl 
advection factor. 
The dispersion term can take the form: 
D.. = E .. (, c. - c. ) 
Jl Jl J 1 
where E.. is a mixing co·efficient. 
Jl 
For non-tidal streams the quantity of material transported 
downstream at a boundary is related only to the material upstream 
and the downstream concentration has no effect, thus d .. = 1. o. 
Jl 
Therefore. 
If steady state conditions are assumed for weekly periods then.: 
dc = 0 
-dt 
and eq uation III can be rearranged and expanded to give: 
(2:: E .. )c. - 2:(Q. +E .. )+8. =0 Jl 1 Jl Jl 1 
Rich (1973) reports· one method for predicting the value of E.. from Jl 
stream tracer experiments based upon work by Fisher (1968): 
2 
EiJ. = 'II 
2 
2 2 




at upstream and downstream st~tions respe·c~ively; tl and t2 are the 







u is the mean velocity of flow between stations. 
No experiment has been conducted on the Rother but suitable 
information can be taken from measurements of N0
3
-N concentration 
at stations downstream of a sewage works which experiences a 
marked peak loading.. Data for Durford and Habin stations 
below Petersfield sewage works are presented in Fig. 10 H. 
They are 4 km apart and the peak takes eight hours to 




<T~ are 7. 78 and 6.45. using the 
metric values (m. s) 
E = 0.25 
2 
-6 
= 5 x 10 
( 7. 78 - 6. 45) 
28.80 
( approx) 
The value of E will differ for different reaches and flow conditions 
but is likely to remain very small relative to.O and therefore can ji 
be ignored. 
These assumptions allow equation III to reduce to 
-L. (O .. )c. + S =0 J Jl . 1 
which can be operated using simple addition and subtraction of 
volumes from various sub-basins. 
Thus, if the mean concentration of NO -N from two adjacent 3 . 
sub- basins ( c . and c ) is calculated from the regression model 
, 1 ·2 
then the mean concentration in the stream below both, ie. c 3 is 
adequat.ely given by: 
c 3= ~ c 1 + .t). c~ 
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where A is the area of a rub-basin, n , and equal areas are 
n 
assumed to produce equal yields. 
However, there are two problems which need to be considered 
. before the regression model can be applied to the Rother basin: 
i. the changing behaviour of the river as it 
changes size. 
ii. the effects of sewage works. 
Many of the sub-basins are larger than those upon which the 
regression is based. It was noted above that the importance of the 
four factors in explaining the relative proportions of the variance 
in N0
3
-N values was different at the site scale from the sub-basin 
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scale. In particular differences of discharge state were more important 
at the sub-basin scale. The regression model for mean NO -N values 
, 3 
takes no account of sub-basin scale but no systematic anomalies 
in residual values ( Table 9 vii) were noted •. 
In order to test whether the importance of the discharge state 
changed in relation to the sub-basin size a series of analyses of variance 
procedure.s~ were carried out on mean N0
3
-N values, grouped 
a ccording to size. These are summarised in Table 10 i. It must 
be noted that each cell of all of the analyses contained only two 
values because of the small number of basins and therefore the 
results may not be v'ery reliable. The highest % variance explained 
relates to the largest set of sub ... basins but high explained variances 
are also found ,in smaller groups of basins. Two groups of 
basins have no significant dis'charge effects. From this it is 
concluded that there is ·no clear .evidence . .that .the .importance.. of. 
, 
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TABLE 10 i 
SUMMARY OF ANALYSIS OF VARIANCE ON N03-N VALUES FROM DRAINAGE BASINS OF VARIOUS SIZES. 
1. 0-100 hectares: 
Effect SS Df Ms F 
Discharge 115.0 1 115.0 2.36 n. 6.. 
Season 75.0 3 25.0 n. s. 
Interaction 52". 7 3 17.5 n. s. 
Residual 389.6 8 48.7 
Total 15 206.2 
2. 100-200 hectares: 
Effect SS Df Ms F 
Discharge 14.6 1 14.6 6.3 % expo -63% 
Season 12.5 3 4.17 . 1.8 n.s 
Interaction 6.4 3 2. 1 n. s 
Residual 19. 1 8 2.3 
Total 15 23.1 
3. 200-300 hectares: 
Effect SS Df Ms F 
Discharge 3.1 1 3. 1 7.2 0/0 expo -55% 
Season 5.1 3 1.7 3.9 n. s. 
Interaction 1.6 3 0.5 n. S. 
Residual 3.5 8 0.43 
Total. 15 5.6 
4. 300-400 hectares: 
TABLE 10 i, cont. 
5. 400-600 hectares: 
Effect SS Df 
Discharge 14.3 1 
Season 5.2 3 
Interaction 1.9 3 
Residual 33.1 8 
Total 15 
6. 600 + hectares: 
Effect S5 Df 
Discharge 11. 7 1 
Season 4.7 3 
Interaction 1.0 3 





14.3. 3.5 0/0 expo 64% 
1.7 n. s. 




11. 7 5.6 % expo -75% 
1.5 n. s. 
0.3 n. S. 
2. 1 n. S. 
15.6 
n. S. = not significant. 
significance level used 10% 
(F 1, 8 = 3.46) 
discharge state is related to sub-basin size and that any relation 
with scale relates to differences between individual sites and 
sub-basins. More extensive data may demonstrate otherwise. 
191 
The discharges from each sub-basin were assumed to be proportional to 
the _ area irrespective of season or discharge state and therefQre 
the simple ra~io of sub-basin area to the total area of the basin 
could be used to calculate concentrations in the main river and its 
tributar:ies. Sewage effluents were included in the concentrations 
by assuming the area of the works to be equal to the ratio of the 
mean effluent discharge to the mean discharge at Iping. Seasonal 
differences in flow were incorporated into the model using data 
from the Petersfield works. The \ireas' of the other works were 
in constant ratio to that at Petersfield. 
The mean values estimated for all the sub-basins are presented 
in Tables 9 vii and 10ii. Mean values estimated for. each station 
using the sub-basin values in the mixing model are also presented 
against the mean ones. 
'The residuals for the sub-basins used in the regression model 
are in Table 9 vii and will not be discussed further. Residuals 
( Table 10 ii) for the stations below the tributary heads and not affected by 
sewage works are not as satisfactory as the former set .. Very large 
and consistent anomalies are shown. There appear. to be n!=> 
consistent anomalies when consi,dering seasons or discharge states, 
but for individual basins they are uniformly high ox: low. There 
~'-'~'- .... ---' 
, 
TABLE 10 ii A. 
OBSERVED'AND PREDICTED VALUES - TRIBUTARIES NOT BELOW SEWAGE WORKS. 
Station Measured 
1 . 2 3 4 5 6 7 8 1 2 3 
13 2.0 4.1 2.9 5.5 2.0 3.9 1.1 2.0 4.8 9.4 5.5 
15 3.7 15.5 6.3 11. 6 4.5 7.8 3.5 5.3 14.1 20.3 13.5 
, 16 3.2 12.3 5.0 10.3 3. 1 6.5 1.8 3.0 12.9 18.0 12.3 
18 2.7 4.4 2.5 3.3 2.2 3.2 2.0 2.3 3.2 5.7 3.9 
19 2.6 4.5 2.5 3.5 2.2 3. 1 2.0 2.3 3.0 5.2 3.5 
24 2.0 7.3 3.7 5.8 2.0 5.3 1.4 3.4 8.6 11. 5 8.4 
25 1.5 6.9 3.4 5.4 2.0 3.9 1.4 3.6 7.5 10.1 7.4 
28 2.3 4. 1 2.6 3.3 2.0 3. 1 1.7 2.8 0.5 2.5 1.7 
-
29 1.9 5.1 2.4 3.6 1.2 2.2 0.5 1.0 0.4 2.5 1.7 
• 
30 3.0 6.0 2.4 3.8 1.3 2.2 1.0 1.3 3.0 5.6 3.8 





1"];.0 11. 7 






































8 1 2 3 
6.3 
-2.8 -5.3 :-2.6 
15.0 -10.4 -4.8 -7.2 
13.2 -9;7 -5.7 -7.3 
3.6 -0.5 -1.3 -1. 4 
3.2 -0.4 -0.7 -1. 0 
8.2 -6.6 -4.1 -4.7 
7.1 -6.0 -3.2 -4.0 
1.3 1.8 1.6 0.9 
1.3 1.5 2.6 0.7 , 
3.6 0.0 0.4 -1. 4 




4 5 6 
-2.8 .2.7 -2.2 
";7.4 
-8.3 -5.6 
-6.3 -8.6 -5.6 
-1. 8 -0.9 -0.7 
-1. 4 -0.5 -0.6 
-5.0 -5.7 -1. 5 
-4.2 -4.7 -3.1 
1.6 1.1 1.5 
2.0 0.3 0.7 
-0.9 -1. 7 -1. 5 





-0.5 -1. 3 
-0.2 -0.9 
-6.0 -4.8 
-3.9 - 3.5 
1.3 1.5 
O. 1 -0.3 
-1. 5 -2.3 




TABLE 10 ii B 
OBSERVED AND PREDICTED VALUES AT STATIONS BELOW SEWAGE WORKS. 
Station Measured 
1 2 3 4 5 6 7 8 1 2 
4 4.4 4. 1 3.4 3.6 3.5 4. 1 3.4 3.3 4.7 6.3 
,5 3.7 4.2 3.0 3.9 2.9 4.0 2.7 2.9 4.5 6.4 
6 5.1 4.9 3.8 4.2 4.1 4.6 4.7 3.4 5.0 6.4 
7 4.1 4.8 3.6 4.3 3. 1 4.3 3.1 3.6 4.6 6. 1 
8 4.5 5.2 3.7 4.4 3.4 4.2 3.1 3.5 4.1 5.4 
9 5.0 5.4 3.7 4.3 3.6 4.4 3.7 3.9 4.1 5.4 
10 4.7 5.4 3.8 4.4 3.4 4.4 3.3 3.7 3.6 4.9 
26 6.3 6.8 3.9 5.2 3.7 4.3 5.6 3.5 5.7 8.2 
32 8.7 5.2 4.9 4.5 7.0 5.8 8.9 5.3 2.2 3.0 
33 7.1 5.6 4.3 3.8 5.6 4.0 8.0 4.5 2.3 4. 1 
34 7.9 5.3 4.4 3.9 6.0 4.4 6.8 4.9 2.3 4.1 
-" ~ 
Predicted 
3 4 5 
, 
4.7 5.9 4.3 
4.5 6. 1 4.0 
4.8 6.2 4.4 
4.5 5.8 4.0 
4.1 5.2 3.6 
4.1 5.3 3.6 
3.7 4.7 3.2 
6.0 7.5 5.3 
2.4 2.6 2.0 
2.9 3.3 2.4 

























































-2. 1 -1. 3 
-2.2 -1. 5 
-1. 5 -1. 0 
-1. 3 -0.9 
-0.2 -0.4 
0.0 -0.4 
0.5 O. 1 





4 5 6 
-2.3 -0.8 -0.7 
-2.2 -1. 1 -0.8 
-2.0 -0.3 -0.3 
-1. 5 -0.9 -0.3 
-0.8 -0.2 . O. 1 
-1.0 0.0 0.3 
-0.3 0.2 0.7 
-2.3 -1. 6 -1.3 
1. 5.0 2 .. 3 
0.5 2.2 1.1 




























could be several reasons for this pattern. The mixing model 
could be inaccurate, though the reason for such patterns of 
large residuals is not apparent. The regre ssion model is likely 
to provide the main source of error. It is important to note that 
the fallure of the model could relate to the distribution of geological 
types within the whole basin. Those sub-basins which occupy 
tributary heads are underrepresented in terms of % area on Gault -
the most significant characteristic in terms of NO - N concentrations. 
. 3 
Sub-basins below these have higher % area on Gault but the high 
coefficients relating to GA and its interactions based only on a 
few basins with low %GA may cause the very large, generally 
negative residual s. 
Thi s pattern is transmitted to some of the stations below 
sewage works, although the effect of inaccuracies in estimating 
sewage inputs cannot be gauged. It is apparent however, that 
at stations 32 to 34 the effect of sewage inputs seems to have been 
grossly underestimated and if correct values had been estimated 
for the main river it would have been expected that large negative 
residuals would have been preserved. However, the estimates for 
the lower stations 7,8,9, and 10 are remar~ably good. It must be 
considered however, that this statistical sussess is not a valid ~rit-
. erion ..for judging the combined regression, mixing and sewage 
! 
input models, as the individual parts, except the first, cannot be 
tested independe ntly. 
There is little'baas for establishing the wider generality of the 
. 
- . - . - " 
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relations expressed in the regression and mixing model. Data is 
available for the Rother basin for the year 1967-8. NO -N 3 
concentrations have been measured at Iping Mill for several 
years, though not always on a weekly basis, and for this year .. 
land-use data is available from the Second Land Utilisation S~rvey. 
197 
From 1:10,560 maps supplied by Miss A. Coleman the % area of arable 
on Gault was measured and incorporated into the regre ssion model. , 
The gauging station at Iping Mill was constructed during 1968 
but daily £lows, computed from stage readings over a measured reach 
are available ( fig 10 iii). Thus discharge state at a particular time 
could be determined. 
These two variables for 1967-8 were incorporated into a 
revised model. The mixing model was adjusted for sewage works inputs 
to take account of the lower total flows during that year. The 
predicted mean values for Iping are presented in Table 10 iii against 
the measured values. 
It must be noted that N03-N analyses for 1967-8 were made by 
the North West Sussex Water Board and samples were taken at 
irregular intervals. However, the predicted mean values show 
clearly that the land-use differnces. are reflected in the differ€:nt 
-
N03-N values ( Table 10 iii) .. -These differences could 
be due to other effects and the results do not refute any alternative 
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. " IV 
Fig. 10. iii Mean Daily Flows at Iping Mill, October 1967 to October "I968. 





TABLE 10 iii 
PREDICTED AND ACTUAL MEAN VALUES OF NITRATE NITROGEN 
AT IPING MILL 1967/8. 
Mean N03-N concentrations: 
Season I Season I! Season II! Season IV 
B Q B Q B Q B Q 
actual 3.2 3.3 3.4 3.8 2.8 3.3 2.7 2.6 
predicted 2. 7 3.9 3.1 3.7 2.5 3.0 2.2 2.4 
. . - . - - . . . - . - .. ... ... -.' ... ... ... . ... . ... "'.' - . . . - . 
.. 
20U 
" " . - . . . . . . . . " - . . . - . - .'. . . ~ ~ :. - . - " . ". . . . "f ... 
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A furth~r problem to _ which this thesis is directed is the prediction 
of N03 -N concentrations at regular short intervals. As the only 
time parameter employed in the regression is season this 
neces sitates introducing new information into the model. Two 
courses are open: 
i. to assume that the weekly variations are 
stochastic variations about a seasonal m.ean and 
in the long run follow a known probability distribution. 
H. to assume that discharge variations control the variations 
about the seasonal mean and that other variations in N03-N 
values follow an assurre d distribution. 
With 
1) the problem was to specify the probability distribution. 
It would be naive to suppose that N03 -N values follow the same 
probability distribution as discharge values. There have been 
clear demonstrations of the close relations between the two variall es 
(Edwards, 1974) but there are no relationships which are valid 
generally (Feth, 1970). Within, the Rother basin most rainfall is 
of the frontal type. Therefore, differences in the frequency dist-
ribution of runoff between sub-basins are unlikely to be due to 
differences in rainfall frequency distribution. There is very little 
data on discharge in relation to the number of sampling stations but 
tp,ere are two continuous gauging stations, one on the main river at 
Iping Mill and one on a large Chalk spring at South Harting. However, 
the latter operates only spo.r"dically and cannot be used in this 
analysis. 
. 



















1972 - 73 
,. r --, 
20 
DISCHARGE RATE (CUMECS) 
Fig. 11 . i Frcqucn y Distribution of Syst 'rn.l ti Dis( htlrgc 
M asur mcnts a t Jping Mill 1972 - 3. 
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The distribution of systematically sampled discharge rates I OIfu-h~) 
from the continuous record at Iping Mill during 1972-3 is shown 
in Fig. 11 i. It shows a strong positive skew. In the absence of 
further information it is assumed that throughout the basin the 
frequency distribution of discharges sampled syst~maticallY 
would be strongly positively skewed. 
Distributions of N0
3
-N values at the stations in the basin 
show considerable variety of form ( Fig. 11 ii A). Most have 
some positive skew ( Table 11 i ) but the main river for instance 
shows marked changes downstream.' Station 2 shows a nearly 
normal -distribution, whereas station 1 has a slight positive 
skew. Downstream, at station 3, the skew increases but at the 
stations below Liss and Petersfield sewage works, 4 and 6, the 
skew is reduced. The distributions of N03-N values in sewage 
effluents have a marked negative skew and mixing with river water 
leads to a more normal type of distribution. 
The general pattern of distribution may be said. to be log-normal 
, 
, 
and infact many workers assume this to be the case ( Edwards 1974, 
Ledbetter and Gloyna 1969). A log-transformation however, 
produces distributions which still possess strong positive or 
negative skews ( Table 11 ii), though gene~ally the skew is reduced. 
For most stations the 90% confidence limit of skew values of the 
log-transformed data do not include the value of zero ( for a normal 
• 
distribution, skewness is zero). 
The fact that most stations possess N0
3
-N values with a 
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1 MAIN RIVER 
2 MAIN RIVER 
3 MAIN RIVER 
4 MAIN RIVER 
5 MAIN RIVER 
6 MAIN RIVER 
7 MAIN RIVER 
8 MAIN RIVER 
9 MAIN RIVER 
10 MAIN RIVER 
11 HAMMER STREAM 
12 BATTS BROOK 










23 STAN BRIDGE 
24 STAN BRIDGE 
25 STAN BRIDGE 
26 STAN BRIDGE 











TABLE 11 i 
SKEWNESS AND KURTOSIS FOR DISTRIBUTION OF OBSERVED 
NITRATE NITROGEN CONCENTRATIONS AT STATIONS ON THE 
MAIN RIVER AND ITS TRIBUTARIES. 
Station Skewness Kurtosis 
1 1. 17 2.17 
2 1.77 7.25 
3 1. 96 5.64 
4 1. 96 3.75 
5 1. 51 1. 53 
6 1. 57 2.97 
7 1. 58 2.52 
8 1. 59 2.25 
9 1. 97 3.44 
10 1. 82 3.21 
11 0.68 0.37 
12 0.47 0.31 
13 1. 06 0.60 
14 -0.67 0.68 
15 2.50 8.30 
16 2.22 6.60 
17 1. 01 0.92 
18 2.37 6.92 
19 2.65 8.71 
20 -0.49 -0.27 
21 0.74 0.56 
22 0.91 0.63 
23 o. 19 -0.92 
24 1. 88 4.50 
25 2.00 5.50 
26 2.04 4.98 
27 2.39 6.19 
28 2.25 7.60 
29 1. 52 2.89 






TABLE 11 i, cant. 
Station Skewness Kurtosis 
31 0.84 0.47 
.. 
32 0.42 2.38 
33 0.85 0.14 
34 1. 66 4.68 
35 3.39 14.13 
36 1.02 0.88 
TABLE 11 ii 
SKEWNESS OF DISTRIBUTION OF LOGRITHMIC VALUES OF 
OBSERVED NITRATE NITROGEN CONCENTRATIONS AT 




3 1. 098 
4 1. 513 
5 1. 139 
6 0.776 
7 1. 067 
8 1. 116 
9 1. 510 
10 1.230 
11 7.210 







19 1. 650 
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Fig . ll.ii (8) 
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distribution more nearly log-normal than normal does not imply 
that it should be assumed that the values of N03-N predicted from 
a regression model mould be log-normally distributed. There are 
other factors to be considered. It is noticeable that in the absence 
of sewage e££ects the positive skewness of distributions generally 
increases downstream. Exceptions are between stations 28 and 29, the 
site of a lake, and 24 and 25 where the distributions become less 
skewed, though not significantly so. 
The question arises whether the distribution of N03-N values 
approaches normal as basin size decreases, and a second question is 
implied, ie. if a set of small basins has a set of normally distributed 
values does a composite basin have log-normally distributed ones? 
The smaller sub-basins ( 1,2,12,14,17,20,23,27,31) generally 
have lower positive skewness but there are exceptions. Station 27 has 
a high positive skew. This receives spring flows from the Chalk at 
, South Harting. An inspection of the frequency distributions of N03-N 
at spring sites shows that positive skew is found only at those sites 
experiencing a preponderence of very low values. Otherwise an 
absence of positive skew is found. Similarly the field drain sites 
show approximate normal distributions except where mean values 
approach zero. 
For each station the regression model gives eight mean values, 
, 
therefore the question of distributions refers to that about these means 
rather than the overall mean. If the entire distribution for a station 
. is disinteg.rated (Fig. 11 iii) it can be seen that the log-normal 
.. 
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distribution at some sites consists of parts which have no distinct 
log-normality. The disintegration shows that except at sites 
6 and 32 ( below sewage works ), there is a gradual leftward 
shift in the values, that positive tail being occupied by values in 
seasons ITI and II, and the rest of the distribution by values in 
season III and IV. This of course merely shows changing seasonal mean 
values. Whether the small distributions are log-normal or not, is I\ot 
possible to judge because of the small number of observations. 
If discharge variati ons, during a single season for either 
quickflow or delayed flow events are the dominant factor controlling 
NO -N concentrations and the simple linear model is assumed 
3 
then NO - N values are likely to possess a similar frequency 
3 
distribution to discharge. The distribution of delayed and quickflow 
events at Iping are shown in Fig 11 iv. The delayed £1ow~ have no· 
distinct form of distribution and although there is slight positive 
skew the distribution is not significantly non-normal. The 
quickflow events are strongly positively skewed. However, the 
frequency histograms of N03-N under quick£1ow conditions for 
a variety of sites ( Fig 11 ~) show no marked skewness. The 
sample of events is too small to produce reliable parameters. 
In conclusion, clearly no single distribution is appropriate. 
In addition there is.no simple rule for deciding the type of distribution 
appropriate to anyone situation. Therefore to consider weekly 
I 
values as stochastic deviations from seasonal means would be 
inappropriate, first because the distributions cannot be specified 
which will cope with c: variety. of error forms even if they could 
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be defined. Further a regression Illodel using a simple estilllate 
for prediction does not take account of the change of standard 
error with distance from the mean ( Fig .. 11 'Ii). With discrete 
dumllly variables which interact it becollles difficult to estimate 
this change. 
Heretofore, the distribution of Illost hydrological events has 
been as sUllled to be . normal or log-normal or a more 
cOlllplex function such as Pearsons Type III for floods. There has 
been very little attention to the distribution of solute concentrations. 
As with floods, however, " intuitively there is no reason to 
1 I 
expect that 2. simple distribution will apply to all streams" ( Linsley, 
/ " 
et al 1975, p. 342). Further it is unlikely that there will be a Illark~dly 
superior distribution. 
ii) Discharge provides the only useful parameter which varies 
on a weekly basis. Discharge Illeasurements are available only 
for Iping at the mouth of the basin. Predictions of most water 
chemistry variables have been Illade using linear or curvilinear 
regression models, based upon discharges. These are successful at 
individual sites, generally on large rivers. However, it is clear 
that even if discharges at all sites were known there would be no 
consistent or general relationship and discharge could not easily 
be used as an independent variable in the regress~on model. 
Predictions of N03-N can be Illade however, by assuming that 



















Fig. 11. vi Interval Estimate for the Mean of Dependent 




the seasonal mean N03-N value holds for discharges from each 
sub-basin for each week with a particular discharge state. These 
are used in making estimates of weekly values of N03-N concentration 
at stations throughout the basin by using a mixing model with 
weekly discharge values. 
Sub-basins which are headwaters will be represented by only 
eight different values during 52 weeks of the year because they 
do not include mixing effects from upstream. Only where a 
sub-basin is downstream of another will weekly differences. be 
shown, being estimated from mixing volumes which vary weekly. 
Such a model will test to what extent, in a large and complex. 
basin, weekly differences are due simply to discharge differences 
from vario~s parts of the basin. N03-N concentrations in source 
waters are assumed to vary only with discharge state. If such a 
model is successful, ie. the dependence of N03-N values on 
continuously varying discharge can be ignored, then predictive 
models of N03-N may be developed which use discharge estimates 
in the mixing part derived from models which have already 
proved successful. In other words, conventional basin discharge 
models which are of the distributed parameter type may be 
extended to provide predictions of water quality in ungAuged basins. 
It i& assumed that the weekly time scale is such that equal 
discharges will not be produced from equal areas in a lithologically 
variable basin. Therefore a method of estimating discharges from 
, 
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sub-basins on a weekly basis was devised taking account of their 
different characteristics. It was based on weekly discharge 
measurement at Iping and involved the distribution of this 
. value to different parts of the basin. 
For the various ~eaches in the basin concentration of NO 3-N 
at the upstream and downstream limits were known. Concentrations 
in the water draining the reach from the intervening sub-basin 
can be calculated using: 
where, 
Then, 
c3' = concentration of N03
-N at downstream station 
c 2 = concentration of N03-N at upstream station 
c
i 
= concentration of N03-N in water from sub-basin 
v 3 = volume of water at downstream station 
v 2 = volume of water at upstream station 
vI = volume of water from the sub-basin 
c l = c 3v 3 - c 2v2 
vI 
v3 =vZ + vI 
for steady conditlons, which are assumed. 
C 1 is the depende\lt variable in the model 
c 2 and c 3 are available from the sampling programme 
v I' v 2' and·v 3 were not measured. 
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%erefore a discharge nodel was devised to provide estimates 
of discharge fran each of the sub-resins. Discharges \>.ere estimated 
for ~ly periods. The only neasurarents of discharge in the resin 
\>.ere at the rroilth, Iping. The problem then was to distrirute the 
flow at IpinJ for \>.eekly intervals to each part of the resin. 
'Ihl.s was done in proportion to the area of each sub-basin but accamt 
was taken of the volurres of quickflON and delayed flow at Iping 
and the relative responses of each rock type in tenns of the 
proportion of flON which it produced as quickflON. 
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Quickflow was considered to be the discharge contributing 
to the peaks of the hydrograph at Iping (Fig. 11 vii). It is difficult 
to be precise about what constitutes quickflow. Various methods 
of hydrograph separation have been proposed ( Gregory and 
Walling, 1973) but they produce very similar results and are 
generally empirical. The separation time for any particular 
event for this analysis was drawn from the pOint of the hydrograph 
rise to a point·on the recession limb. Selection of the latter was based upon 
inspection for changes in curvature ( Fig 11 viii). Where successive 
hydrograph peaks coalesced the quickflow separation time was 
taken as a smooth curve joining the successive troughs ( Fig. 
1 1 viii B) • 
The model produced estimates of the total yield of water (qk') 
'. J 
incorporating both quickflow ( q~) and delayed flow (q!j) for 
k lithologies over j weeks. The total flow at Iping ( Q) was 
distributed for the whole year in proportion to the area of each 
lithology ( A ) ie. net precipitation was assumed to be uniform 
k 






QA is the total quickflow at Iping 
A is the total area of the basin 















































Fig. 11. viii (A) 












for delayed flow. 
Only the two sets of parameters Y
k 
and ~k are unknown 
( Y k = 1 - ~k) and need to be estimated. 
The quickflow response of areas on a particular lithology 
depends upon several factors. It depends upon the hydraulic 
conductivity of the soil, which in turn depends upon the grain size 
distribution of the soil as well as soil structure, the presence of 
vegetation and the wate r status in the soil. Quickflow response 
is also determined by topography and the presence of artificial 
drainage systems. It was not possible to ,produce estimates of 
Yk and ~k from first principles because of the complexity of the 
problem. 
The relative magnitude of quickflow responses were taken from 
general statements ( Sussex River Authority, 1970) and the 
relaLi "e % clay in each soil type ( Table 11 iii). The order is: 
1 •. Chalk 
2. Lower Greensand 
3. Upper Greensand 
4. Weald Clay 
5. Gault 
Quickflow response increases from 1 to 5. 
Then: 
A B 
q 1 + q 1 = ql 
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TABLE 11 iii , 
MECHANICAL ANALYSIS OF SOILS FROM EACH GEOLOGICAL DIVISION 
(i) Based on information supplied by S. Nortcliffe and J. Hughes (KCL) 
GEOLOGY Chalk Upper Gault Lower 
Greensand Greensand 
(hythe beds) 
VEGETATION Permanent Permanent Wood- Fallow 
Pasture Pasture land. 
ANALYTICAL 
DATA 
pH 7.4 7.0 5. 1 6.8 
% organic 19. 1 0.3 0.6 0.2 
Wo N (Kje1dah1) 3.2 0.2 0.2 0.0 
. % sand 7.0 18.0 17.0 77.0 
% silt 59.0 52.0 23.0 17.0 





'l'ABLE 1 iiii( continued) 
(ii) Based on information supplied by Fisons Ltd, - Levington Research Station. 
GEOLOGY Chalk Upper Gault Lower Lower 






VEGETATION Permanent Permanent Perma- Heathland Permanent 




pH 7.B 7.0 5.9 4.6 6.5 
0/0 organic 2.6 2.4 2.3 1.6 1.B 
0/0 sand 1B.7 30.3 29.B 87.2 78.2 
0/0 silt 64.3 34.7 23.9 6.5 5.5 














A A A A A A 
ql +<lz +q3 +q 4 +qs =0 
ql .•.••..• qs have been estimated on the basis of the initial 
assumptions. QA and QB are known. There are ten qA and qB 
values but only seven equations. However, there are inequalities 
which may be employed in order to provide estimates: 
A 
.......... < qs 
A 
4= QA qk k 
A 
qk 
=F 0 , and in fact ,qk ' '~O t qk 
As each rock" , type can be assumed to yield some quickflow 
or a substantial proportion of delayed flow. The overall quickflow 
response of the basin was 27% and so reason demanded that the 
lithology covering allnost hal! of the basin ( Lower Greensand) 
should not have a response too dissimilar from this figure. 
These equations and magnitudes provided a limited range of 
available values. Several sets w~re tri~d and none produced widely 
different .values. It was not necessary to accept the estimated 
. 
'N03 -N 'v'al~es 'differing 'by more, than '0. 5 ppm in' the· model. 
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Thus with the constraints of the inequalities the eventual computed 
N03- N concentrations did not appear sensitive to changes in 
quickflow response. The estimates of % quickflow from each 
lithology which were used in the model are presented in Table 
11 iv. 
The relative amounts of quickflow from each lithology ( ~ k) 
calculated from the yearly total were as sumed to be constant during 
individual quickflow events. 
~ k = Q. (Ak' A ) . 'V k 
A 
Q 
= a constant. 
Then the yield per unit area of quickflow from any particular 
lithology in a week is given by: 
= 
A Q. 
J • l\J k 
A 
where Q. is the total quickflow during week j. 
J 
Then the total quickflow from the sub-basin, I, during week j 




qkj • A kl 
where Akl is the area.of basin I underlain by lithology k. 
Similarly for delayed flow. 
Having calculated the water yielded from each sub- basin 
-,~- _. _.- - ..... - '~ ....... . 
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TABLE lt~ iv 




Upper Greensand 25 
Gault 60 
Lower Greensand 15 





each week these volumes were routed through a network mixing 
model in order to calculate the concentrations at stations from 
N03 -N concentrations estimated for the sub-basins. 
'. :." _.Inp·uts from sewage works were also included. These were 
based upon weekly measurements of inputs at Petersfield. Inputs 
from other works were assumed to be the same proportion 
of this measured flow as given by the Sussex River Authority 
(1970). Concentrations were based upon measured values at . 
Petersfield and Liss works. Values at Buriton were assumed 
the same as at Petersfield and at South Hargng and Rogate the 
same as at Liss because of the similar types of works. 
The 52 concentrations estimated for a. selection.of stations 
alL 
.. presented in Table 11 v, with comparo..tive values and a 
selection of frequency disti.rbutions in Fig. 11 ix. These have been 
chosen to show the sort of circumstances in which the model 
was unsuccessful. . 
Predicted values for Princes Bridge ( station 16 ) are 
consistently higher than actual, except for week 8. The 
Coldhayes Stream is dominated by Gault and has a high % area in 
arable use ( Table 9 iii). The regression mode! overemphasises 
this effect drastically and although the pattern o~ peaks and 
troughs coincide to a marked degree the mean values are very 
different. Other elements which are not reproduced in 
• 
TABLE 11 v 
PREDICTED WEEKLY VALUES OF NITRATE NITROGEN 
CONCENTRATIONS AT SELECTED STATIONS ON THE MAIN 
RIVER AND ITS TRIBUTARIES. 
Sequence of concentrations at station 3: 
3.6 3.6 3.6 3.6 3.6 3.6 5.5 5.5 
5.6 5.5 3. 6 4.0 4.0 5.3 5.3 4.0 
4.1 4.0 4.0 4.0 4.0 4.0 3.9 3.2 
3.9 4.0 3.2 3.2 3.2 3.2 3.2 3.2 
2.7 3.5 2.7 2.7 2.7 2.7 2.7 2.7 
2.7 2.7 
Sequence of concentrations at station 6: 
5.0 5.0 5.0 5. 1. 5. 1 5. O. 6.3 6.4 
6.7 6.2 4.8 4.8 4.7 6.3 6. 1 4.7 
4.9 4.9 4.8 4.8 4.9 4.9 4.9 4.2 
4.9 4.9 4.3 4.3 4.3 4.4 4.6 4.7 
4.5 4.7 4.3 4.3 4.3 4.5 4.4 4.4 
4.4 4.4 
Sequence of concentrations at station- 10: 
3.6 3.6 3.6 3.7 3.6 3.6 4.9 4.9 
5.0 4.8 3.4 3.7 3.7 4.7 4.6 3.6 
3.7 3.7 3.7 3.7 3.8 3.7 3.7 3. 1 
3.8 3;7 3. 1 3.1 3. 1 3.2 3.3 3.3 
3. 1 3.4 2.9 3.0 3.0 3.1 3.0 3.0 
3.0 3.0 



































TABLE 11 v 
Sequence of concentrations at station 16: 
12.8 12.8 12.8 12.8 12.8 12.8 17.8 18.0 16.8 18.9 
18.8 17.7 13.4 12.5 12. 1 17.3 16.8 12.3 12. 1 1 .8 
13. 1 12.5 12. 1 12.1 12. 1 12.6 12.1 11. 9 11. 4 11. 9 
11. 5 12.6 11. 7 11. 5 11. 5 11. 6 11. 4 12.0 11. 8 11. 3 
11. 3 13.2 11. 4 11. 2 11. 2 11. 2 11. 2 11. 2 11. 2 11. 2 
11. 2 11. 2 
Sequence of concentrations at station 30: 
3.0 3.0 3.0 3.0 3.0 3.0 5.5 5.5 5.3 5.8 
5.8 5.5 3.0 3.8 3.8 4.8 4.7 3.8 3.8 4.7 
3.9 3.8 3.8 3.8 3.8 3.8 3.7 3. 1 3.0 3. I 
3.6 3.8 3.0 3.0 3.0 3.0 3.0 3. 1 3. 1 2.5 
2.6 3.6 2.6 2.5 2.5 2.5 2.5 2.5 2.5 2.5 
2.5 2.5 
Sequence of concentrations at station 34: 
2.3 2.3 2.3 2.4 2.3 2.3 4. 1 4.0 4.0 4.2 
4.1 3.9 2.2 2.9 2.9 3.3 3.3 2.8 2.9 3.3 
2.9 2.9 2.9 2.9 2.9 2.9 2.9 2.3 2.3 2.3 
2.9 2.8 2.3 2.3 2.3 2.3 2.5 2.4 2.4 2.1 
2. 1 2.8 2.0 2.1 2. 1 2.2 2. 1 2. 1 2. 1 2.1 
2. 1 2.1 
- ---
-. . .. - . . . - ... ... ... . - .. .. - -,. - .. - . ~ . ~ . . . - . - . 
... - ... - -.. 
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the predicted one; the gradual decline in values during the first 
few weeks, the marked trough during w.eek 9, which seems 
perculiar to the Coldhayes Stream and may be an observational 
error; and the peak in week 27. This represents only a minor ,-
peak in discharge but being ~n early spring is probably some 
sort of flushing effect which the regression model has not 
picked up. 
At Mizzards ( station 3D) the actual and predicted values are much 
closer. This represents conditions with no important effects from 
effluents or arable land us e. 
Predicted values are consistently higher than actual, except 
again during the fijrst peak. A further difference between the 
data sets fs after - the first peak of week 8 when the actual 
values show a steady decline fox: six weeks. The predicted 
values, following the pattern of discha.rge changes show a 
plateau pattern. This with, absence of decline in predicted values 
I 
during weeks 1 to 6 and a peak in week 27! show the important 
changes in N03-N valu~s not related to discharge change~ 
~which occur in actual streams. 
The data for theSouth Downs station ( 34 ) shows the inability 
of the model to cope' with stations affected by sewage inputs. 
The magnitude and variability, particularly during the dryer 
weeks are not reproduced at all. 
Sites on the main river show a generally closer correspondence 
235 
between actual and predicted values. Durford ( station 6 ) and 
Iping ( station 10 ) are affected by sewage inputs and show the discrepancy in 
weeks 1 to 6 which is shown at South Downs ( station 34). Ther also 
. show the discrepancies characteristic of streams not affected by 
sewage inputs, viz. the plateau of actual values in weeks 9 to 
12 and the absence of a peak in week 27. At Durford and Iping a 
peak in week 35 is not reproduced in the predicted data. 
In summary, there are several major components of the actual 
\ . 
data set which are riot well reproduced and these are most 
apparent at sites on tributary streams. In the main river 
most of the disc~epencies are apparent but the devia.tions are not 
as large as for the tributaries. 
This is judged to be a consequence o~ the fact that events in 
the Inain river are more closely related to discharge and this 
element of the model, having been measured continuously at 
Iping, is more accurately represented than the other elements. 
The differences between the stations, reflected in different 
predicted values and the broad changes in values show the 
success of the regression model but there still remain many 
elements of the data set which are not well reproduced, because of 
inaccuracies in this model. In particular, flushing effects and. 
, , 
gradual decline in values during long periods of steady flow 
are not accounted for. A mos& ,serious inaccuracy is in 
the prediction of sewage effects. 
. 
. 








The principal problem to which this thesis is directed is the 
extent to which CI: limited amount of readily available information 
can be used to predict Nitrate Nitrogen concentrations in a river 
draining a rural water shed. 
First. the fadors controlling concentrations in ; drainage 
waters from various sources were considered through a review of the 
literature. A set of parameters were chosen which described 
the basin and which were measured as :. survey information. From 
this an initial set of hypotheses were presented about the relations 
between the parameters and concentrations. 
The parameters were: Geological type, Land-use, Discharge 
State, and Season. Four geological types were represented in the 
basin: Chalk, Upper Greensand, Gault, and Lower Greensand. The 
two land-uses distinguishe[~ were arable and non -arable. The 
discharge states were delay~d and quick flows. The four seasons 
were: October to December (I), January to March (II), April to 
June (III). and July to September (IV). 
It was postulated that Nitrate Nitrogen concentrations in 
drainage waters will increase from areas of Lower Greensand to 
Chalk to Upper Greensand to Gault because of the increasing 
fine fraction in the soils which these lithological types support. 
Further, concentrations in drainage from arable land will be 
greater than in drainage from non-arable land. They will also be 
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higher during quickflow events and higher during seasons I and 
II than during seasons III and IV. 
At this stage neither the relative importance of the factors 
nor the existence of interactions between them could be specified 
because of the lack of comparative data relating to the conditions 
of the study. The relations between the four parameters and 
Nitrate Nitrogen concentrations in springs and field drains 
~ 
..,. tested on the assumption that these sources· were the principal 
ones in rural watersheds. Sewage works were also considered an 
important source in particular parts of the catchment under study. 
In considering Nitrate Nitrogen concentrations in water from 
springs the observations showed that: 
1. The only signi.ficant factor aff~cting concentrations was 
the geological type, which accounted for the larger part of the 
variance. 
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2. There were no.significant differences between the seasons 
or between discharge states. 
3. Individual springs showed high concentrations duri;ng 
quickflow events but most showed little variation with either 
flow or season. 
4. The magnitude of the mean concentrations for different 
lithologies varied not in relation to associated soil properties 
but in relation to % ~rable land use on each lithology. The 
effect.s of land -use differences could not be analysed further 
because of the uncertainty in defining the catchment area of a 
. . 
-~ ... -"'."".--- .. ~-" . 
.. 
spring. 
Variations in Nitrate Nitrogen concentrations from field drains 
were examined in relation to all four factors. The observations showed 
that: 
5. Each of the four parameters was significant in explaining 
the varianC!e in Nitrate Nitrogen concentrations in field drainage; 
the interaction between land-use and geology was also 
significant. 
6. Higher concentrations were associated with: quickflow 
events; arable land uses; areas on Gault ( which supported soil 
'with the highest proportion of fines· in the study area); and 
season 1. 
7. The most important parameters were land-use and 
geology which together accounted for the larger part of the 
variance. The interaction effect between arable land-use 
on areas of Gault provided the highest values of Nitrate 
Nitrogen concentration. 
8. Land-use was the single most important parameter, with 
arable sites having values consistantly twice as high as non-
arable. 
9. Individual sites showed a "flushing" effect during 
the fi rst wet period of season I, particularly on the Upper 
Greensand. 
239 
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10. Inputs to the river from sewage works varied according 
to the time of day and the year as well as the discharge state. 
Concentrations were independent of time of day but varied during the yeal:' 
year being higher during warmer months. During high 
discharge events concentrations fell ma;-kedly below those 
of low discharge events. A simple linear regression 
model against dis charge and time of year accounted for 
most of the va.riance in Nitrate Nitr~gen concentrations in sewage 
effluent. 
The observations of Nitrate Nitrogen concentrations in springs 
and field drains ~howed that the initial hypotheses were corroborated. 
Further the comparo.tive importance of the four parameters was 
established for both source types in term,s of the proportion of 
explained variance, and the majority of the interactions were 
specified. Having tested the hypotheses with controlled observations 
they were then examined at a scale where complex effects could 
be assumed. 
11. Relations between mean Nitrate Nitrogen values 
at sites on the drainage network and the four parameters were 
described by a regression model. A stepwise proceedure 
was used against a restricted set of the possible interactions. 
Only ten independant sub-basins out of the thirty six in the 
study area could be used, and for their eight associated 





accounted for over eighty per cent of the total variance. 
12. These eight variables selected in the stepwise 
procedure showed that the same relations which held at the 
site scale also held at the sub-basin scale although different 
pararneters and interactions were shown to have the major 
significance at this scale. Season and discharge state 
assurned greater irnportance. 
13. The values of. the associated regression coefficients 
in both sign and rnagnitude corroborated the conclusions 
frorn the cortrolled observations. 
The regression rnodel was then used in a predictive manner 
having been calibrated for ten of the thirty six sub-basins 
which rnade up the entire basin. It was assumed that over a long 
period equal areas of the basin would yield equal runoff. and a 
simple mixing model was proposed in order to estirnate the mean 
Nitrate Nitrogen values at all thirty six stations on the drainage 
network. The model necessitated using additional inforrnation 
about sewage efn~nt concentration~ and discharges. 
14. The residuals frorn the predictive model showed that. 
serious errlDrs occurred with the basins which possessed high: 
proportions of their area on Gault or possessed sewage works. 
No further inforrnation was available to reduce the second sort of 
error and the first appeared to be due to a biased sample of 
sub-?asins used to calibrate the model as they were all in 
headwaters with low proportions of their area on Gault. 
-.-
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15. Using land-use and discharge data for the year 1976-8 
a set of mean values was estimated for Iping Mill at the mouth 
of the basin, being the ultimate output from the model. These 
are compared with the mean values of the measured data. There 
are some limitations in the use of the measured data because of 
the infrequent and irregular sampling. The effects of reduced areas of 
arable land use on Gault is shown in the reduced mean values 
which correspond to the the lower measured values !or that 
yea.r. However, other factors· such as changes in sewage manage-
ment could account fotthese effects and thus comparison with 1967-8 
data does not pro~de a robust test of the model. 
The prediction of weekly values required the addition of ~urther 
information to the model. The use of probability distributions was 
judged to be unsatisfactory because of the lack of any generally 
acceptable probability function. A di'stributed runoff model was 
proposed which was based on weekly measurements of runoff 
at the mouth of the basin. This model al.so required information on 
the arp.as of each lithology in each sub-basin. the total quickflow 
and baseflow each week, and the proportion of total runoff from 
each lithology which went as quickflow. The first three parameters 
were measured and the fourth estimated. There must remain some 
doubt about the validity of these estimates which cannot be verified 
indep endently. 
~ . 
The runoff model is of a type which is not known to have been 
l 
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used before and tht:refore there are no independent runoff estimates 
available. A more conventional distributed runoff model is not 
known to have been applied either to the Rother;. which is distinctly 
.varied in lithology and has dominant groundwater effects, or to the 
sort of problem with which this thesis deals. 
Weekly estimates of discharge for each sub-basin were made and these 
were employed in a simple mixing model as before to produce 
estimates of weekly Nitrate Nitrogen concentrations at thirty six 
sites in t!le basin. 
16. The reJiduals which were apparent in the prediction 
of mean values were als.o apparent in the sets of weekly values. 
In addition the flushing effect was not reproduced nor were the 
gradual decline in Nitrate Nitrogen v~lues through the periods 
of steady flow o~ through successive peaks of discharge. 
17. The model appears to be most successful for streams 
whose basins contain a relatively small amount of arable land 
use on Gault and no sewage effects. This is hardly suprising 
since the variance of the values is oontrolled largely by 
these two factors. 
The success Qf the model cannot be gauged on these criteria alone. 
Stations with high actual values also have high predicted ones and 



































i A simple statistical model for N03-N values in runoff from 
a drainage basin has been developed w~ch is based on readily 
available information about conditions in the basin. 
ii Further, the model is consistent with a set of hypotheses 
relating to the processes controlling N03-N supply in natural drainage. 
iii These hypotheses are based on a literature review and 
confirmed 'Qy controlled observations at individual sites. 
iv The statistical model of mean N03-N values throughout a 
basin remains inaccurate because of biased calibration, inaccurate 
modelling of sewage inpu~s and the presence of specific effects such 
as a lake and a farm. 
v The statistical model was successful in explaining a high 
proportion of the variance in mean N03-N' values and having 
coefficients and variables consistent with the hypothesised relations. 
vi Extension to weekly data was problematical because the only 
time variable was season. This necessitated introducing a second 
model for runoff. Antecedence and flushing effects were not 
rcp::cduced and the deficiencies of the previous model were retained. 
hih 
.g. 
vii The main factors controlling/N03-N concm trations in the 
Rother basin are: a. high per cent area with heavy soil 
b. high" per cent area in arable land use 
. c. the particular effect of arable use on Gault 
d. flushing effects after long dry spells 
e. leaching dUJ;'ing.late Autumn and early Winter 
f. the presence of sewage effluents 
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viii This thesis has explored the feasi.bility of predicting 
river N03-N concent!ations from simple survey information 
about its basin. Recognising that a more physically based 
<'I.pproach is unlikely to be feasible at the large scale it has shown 
not only that a simple statistical model is succes sful in many 
respects, but also that the physical relations implied by the 
us e of particular independent variables do in fact hold and that the 
coeffic~ents in the model are consistent with these relations. 
ix There are serious limitations in the use of this particular 
model and this sort of model in general. PriJ;narily the calibration 
I 
only applies to one set of conditions. The factors controlling NO -N 
3 
concentrations are very dependent on climate and soil moisture 
conditions and the year of study, as any single year must be, 
unrepresentitive. Further, the model can only apply to one 
basin. Very many types of soil and land-use are not represented. 
But the hypothetical relations and the conclusions of the analysis 
of site data probably have general validity for the sorts of 
conditions which they represent. 
246 
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The type of model developed in this thesis applies to a 
particular scale of drainage basin and is constrained specifically 
by the sor~s of independ~nt data which can be used in it. It is 
meant to be applied to river basins for which geological and land 
use surveys exist ( or can easily be carried out) and for which there 
are now records. 
Other information is needed on the ell scharge volumes and 
. N0
3
-N concentrations of sewage effluents and the hydrological 
response of the different lithologies. 
Further work on the modelling of NO -N in rivers needs to be done 
. .3' 
in areas other than the one to which this .tltesis applies. The sort of 
~ 
problem to which this model is meant to apply iSLwhich the water 
resource manager or water quality engineer faces when confronted 
with limited data and time~ Before such a model could be applied 
however, deficiencies must be overcome. These can be regarded· 
as problems of applicability and problems of calibration. The 
forrner are the mor.e critical at this stage. 
The regression part of the, model fails to reproduce effects 
which last less than a season because the only independent 
time parameter is season. 
In operating this model in conjunction with a weekly model of 
. , 
discharge the effects of flushing and antec~dence, for example, 
. , , ~?~d be .incorporated. ~o."'~v~r !.lo~g.el ~.uns of .da:ta :wou~~ ~c: . 
. , 
required for calibration because their occurrence depends on 
the coincidence of two or more factors. 
The regression model applies only to a very limited number 
of lithologies, although these represent a very wide range of 
soil conditions and hydrological characteristics. Observations 
of many other sorts of soil types and different land-uses along 
with climatic effects are required: 
a. to test the wider validity of the initial 
hypotheses, and 
b. to test whether the znodel applies elsewhere 
in the same forzn. 
The year of study was one of very low rainfall. Therefore, 
only a limited set of runoff conditions and tizne sequences of events 
were represented. The eff~ct of the occurrence of high 'rainfall 
in season III and IV for instance needs to be observed, as well 
as the effects of coznbinations of successive storm peaks. 
, 
Effects such as farm effluents appear to be uniznportant 
to the N03-N levels except at specific localities and it is probably 
safe to assume that because the total volumes of water comin~ . 
from such sources are relatively small the effects must be small 
too. The presence of 'lakes is not insignificant, however,. Only 
one small lake was r(;!presented in the study area and tHs 
produced serious anomalies in predicted values. The effects of 
2 4.9 
lakes needs to be incorporated into the model though it is not pos sible 




plants and anitnals in rivers rather than lakes. Owens (1970) suggests 
anomalies in inputs and outputs to rivers are accounted for by these 
processes but his conclusions are unsubstantiated.: The phenomenon 
does deserve attention~ though in this study no pattern of residuals 
suggest that uptake is operating significantly. 
A concept which has found application in the develop ment of 
runoff models which probably extends to solutes is that of contributing 
area. If storm runoff comes' preferentially from certain areas 
within the basin then N03-N in stOrm runoff must ar'so, with the 
. 
additional conditions that the ;rate of N03-N, ,supply will depend 
on the geology and land-use characteristics and season. It should 
be possible to specify weighting functions within a regression model 
based upon this concept which may provide i~proved estimates 
particularly for small rainfall events or thos'c in drier seasons. 
Problems of calibration which remain to be res'olved and for 
which additional independent data i~ needed for this particular 
study are: 
a. Improved estimates of scwage inputs and 
N03 -N concentr~tion's. 
b. Evaluation of a more represent: tive set of 
sub-basins in terms of % area in arable land-us e 
"on Gault. 
c. Better theoretical or exp~rimental estimates 
. of % quickflow'- % baseflow from each lithology. 
d. A: more realistic hydrological model which takes 
, ~ 
account of time of sampling in relation to 
movement of wav~s of NO~-N from sewage effluents 
and seasonal changcs in relative hydrological 
re~_pc>_~~_~ __ ~f the different lithologies. 






FERTILISER DATA SUMMARY 
..... '; 
SUMMARY OF FERTILISER DATA. 
Geology Land Use 
Chalk Arable 
Pasture 
















Pasture - fertiliser applications with intensive stocking. 
Arable - spring barley fertiliser applications. 
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,.s:::: ,.s::::' ,.s:::: +a 0'''0 Ul ,.s:::: ~ +a ~ 
-c k 0 r- ..qt -c .f.a 
('t') .-4 -c N ('t') r-
+a +a +a .f.a +a > 
u u u u u 0 
0 0 0 0 0 Z 
Greatharn: Stream 2.2 2.5 2.0 2.2 1.8 1.7 
Hawkley Stream 5.2 4.8 4.4 3.9 3. 1 2.6 
Liss 3~6 3.5 3.2 2.8 2.3 1.8 
Prince's Bridge 5.7 5.4 5.9 3.6 3.4 3.6 
Sheet 5.0 5.1 4.8 3.2 2.6 2.8 
I)urford 7.2 6.4 7.5 2.7 4.6 4.4 
, Rabin 5.5 5.4 4.5 3.5 3.4 3.0 
Terwick 6.0 5.9 5.6 3. 6 3.3 3.4 
Chithurst 6.1 6.6 6.3 4. 1 4.4 3.8 
Hammer 3.5 4.0 3.2 2.3 2.0 2.8 
Iping 6.1 6.7 5.6 3.9 3.7 3."7 
Barefoots 3.3 4.3 2.3 1.6 1.3 0.8 
A 325 1.9 2.5 1.8 1.2 2.7 0.9 
Co1dhays 2.9 4.1 1.8 1.1 1.6 0.7 
F.l:excombe 5.5 4.8 1.6 0.5 3.4 3.5 
~rince' s Bridge 3.7 2.8 3.5 4.0 2.8 0.6 
R.oke 2.6 2.7 2.4 1.6 1.8 1.5 
Harrow 3.5 3.7 3.0 2.0 2.3 2.2 
Mill Lane 2.7 3.6 3.2 2.1 2.5 2.2 
B.erelands 0.7 0.5 0.5 0.7 0.6 0.7 
WEEKLY SAMPLES 
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Z Z Z Cl Cl Cl 
2. 1 3.9 1.5 2.5 2.4 2.4 
5.2 8.4 3.5 4.0 4.2 3.6 
2.8 5.3 2.2 3. 1 3.3 3.0 
3.7 5.6 3.7 4.0 4.0 3.7 
4.0 5.7 3.0 4.5 4.5 3.7 
6.0 6.7 4.3 4.0 4.3 4.3 
5.7 6.8 3.7 4.0 4.3 4.4 
7.0 6.5 4.4 4.2 4.4 4.6 
7. 1 7.5 4.2 4.2 4.2 4.9 
6.0 6.8 3.7 4.6 4.7 4.5 
7.0 7.6 4.5 4.5 4.4 4.5 
3.7 4.2 2.6 3.9 4.3 3.5 
3.2 4.8 2.3 4.8 5.5 3.9 
4.0 5.0 2.5 5.0 4.8 5.0 
20.0 27.5 11.0 13.0 12.0 9.4 
12.4 22. 7 5.313.7 11. 8 8.0 
2.6 3.4 2.1 3.3 3.5 2.5 
3.9 6.8 2.6 4.6 5. 1 3.1 
4.4 7.4 2.6 4.6 5.2 3.0 
10.4 9. 1 4.9 4.2 3.5 5.0 
* estimated value 
"'~ '. , .... -
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1.9 1. 9* 
3.3 3.1 
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MAIN RIVER WEEKLY SAMPLES 
I,' 
.! 
~ro .c: .c: .c: .j.l ..cl .j.l .c: .c: .c: .j.l .j.l .j.l Ul· 
..c::: ~ Ul ...... 
..c::: ...... 0' J.I 0 r- ..qt .j.l ~ .. r-! co .j.l 0' r-! .j.l N 
" r-!('/") r-! r-! N ('/") r- r-I N N l.O 
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r-! 
'! .j.l ~ .j.l .j.l .j.l > > > > 0 0 0 
, ' 0 0 0 0 0 0 0 0 0 Q) GJ GJ ;r 0 0 0 0 0 Z Z Z Z Q Q Q 
" . 
F.~enchman's Lane· . 2.7 1.9 2.7 1.2 2.5 3.2 4.6 3.6 2.0 3.0 4.0 3.4 
a 2146 2.3 1.9 1.2 1.1 2.3 1.2 1.9 3.6 3.0 3.3 3.4 4.0 
S'troud 1. 9 . 1.9 1.5 0.5 1.0 0.7 2.7 3.9 1.9 2.4 2.9 3.0 
Borough Road 1. 0 . 2.8 1.3 0.4 2.3 2.5 12.4 10.9 5.9 5.0 5.5 4.2 
A3 0.9 0.8 1.0 0.8 1.8 1.6 12.0 10.2 5.5 4~ 6 5.0 4.3 
. Stanbridge 10.5 5.3 10.2 6.5 3.2 4.9 12.4 9 .. 2 5.5 4.2 4.7 4.5 
, ~orberry 0.7 0.5 0.5 0.7 0.6 0.7 13.5 12.0 6.7 5.0 6.9 3.9 
Goose Green 3.2 3.2 2.3 1.7 1.4 1.6 2.3 7.0 3.5 - 4. 1 4.6 3. 1 
~arks Bridge 2.2 2.3 2.0 1.4 1.2 1.7 6.8 7.4 4.5 4. 1 4.4 3.3 
o ¥izzard' s . 4~0 3.9 3.5 2.3 2.5 2.1 10.9 8.0 5.1 4.4 4.0 3.8 
S;outh Harting 1.6 1.6 1.3 2.3 1.9 1.
0
7 5.0 5.1 3.8 3.2 3.5 3.6 
Week's Common 15.1 9.0 7.4 9.8 6.5 8.6 5.3 5.8 6.0 5.0 4.8 4.5 
!'few Barn 12.0 9.4 8.6 4.3 5.9· 5.6 9. 1 5.9 6.0 4.6 3.4 4.5 
South Downs 13.8 10.6 9.8 6.1 5.8 5.4 8.6 5.9 5.7 4.3 3. 1 4.4 
Dumpford Park 8.7 6.6 7.0 5.4 0.8 2.8 18. 6 20.2 9.2 7.0 6.7 6.8 
Goldrings 14.0 13.8' 11. Z 6.5 7.4 8.9 10.015.4 10.0 10.7 12.0 13. 8 
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MAIN RIVER WEEKLY SAMPLES 
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-~ ~ ~ pC pC ..c pC J.I J.I J.I J.I J.I J.I J.I 'J.! ~ 4) 4) ~ CIS ('j ('j CIS p.. p.. p.. ~ CIS CIS CIS rx. rx. rx. rx. ~ ~ ~ ~ < < < ..., ..., ..., 
Greatham Stream 2.7 2.2 2.4 2.2 2.3 2.0 2. 1 1.9 1.5 1.6 1.3 4.5 1.9 1.6 1.4 
Hawk1ey Stream 4.2 3.7 3.4 3.6 3.9 3.7 3.4 3.2 2.7 2.9 2.3 4.0 3.8 2.9 2.9 
Liss 3.4 2.9 3.0 2.9 3.3 3.2 3.0 2.7 2.2 2.4 2.0 4.5 2.9 2.0 2.2 
Prince's Bridge 3.6 3.4 3.4 3.6 3.9 3.9 4.1 3.4 3.0 2.7 3.4 5.0 3.9 3.2 3.1 
Sheet 4.1 3.6 3.0 3. 1 4. 1 3.6 3.3 2.9 2.7 2.6 2.7 5.5 2.9 2.6 2.7 
Durford 4.5 3.7 3.7 4. 1 4.5 4.2 4.4 3.8 3.4 3.8 3.4 6.0 4.4 3.4 3.8' 
Habin 4.9 3.9 3.6 3.6 4.2 4.2 4.5 3.6 2.8 3.3 3.4 5.7 4.1 2.8 3.2 
Terwick '4.8 4.1 3.6 3.8 4.2 4.2 4.7 3.5 3.0 3.2 3.7 5.3 4.4 2.8, 3.3 
Chithurst 4.5 4.0 3.6 4.2 4.4 4.5 3.8 3.7 3.2 '3.4 3.3 6.2 4.1 2.8 3.3 
Hammer 5.4 4.3 3.6 3.7 3.8 4.6 3.5 3.2 2.9 2.7 2.2 4.2 3.5 2.2 2.2 
Iping 5.0 4.1 3.6 4.0 4.2 4.7 4.4 3.7 3.3 3.4 3.4 6.0 4.3 2 .. 5 3.0 
Bare!oots 4.1 3.5 2.8 3.0 3.5 3.4 4.0* 2.8 2.9 2.6 2.8 4.6 3.4 2.2 2.4 
A 325 6.7 4.7 3.0 3.5 5.1 4.0 3.6 2.7 2.3 2.0* 2.8 5.9 3.4 2.0 2.5 
Coldhays 5.4 4.4 4.3 5. 1 4.6 5.3 4.6 4.2 4.4 4.2 3.6 5.0 4.5 3.5 3.4 
Flexcombe 12.0 10.8 7.7 4.7 12. 1 9.7 7.4 6. 6 5.0 5. 1 3.9 10.8 -6.8 4.0 4.6 
• Prince's Bridge 10.5 9.5 6.0 6. 1 10.8 :-7.5 5.0 4.9 3.6 3.3 3.9 9._4 5.0 3.8 3.7 
Roke 2.6 2.7 2.3 2.5 2.6 3.9 2.3 2.8 2.0 1.9 1.8 2.6 2~ 5 1.8 2. 1 
Harrow 3.4 3.2 2.6 2.7 3.4 3.2 2.6 2.5 2.2 2.2 2.5 4.6 2.8 2.0 2.5 
Mill Lane 3.4 3.4 2.4 2.7 3.8 3.2 2.5 2.6 2.7 2.2 1.9 4.6 2.9 1.9 2.4 
Berelands 6.7 3.4 4.3 10.8 5.4 5.0 9.1 6.7 7.4 8.5 7.2 5.4 6.7 9.6 8.4-
Frenchman's Lane 4.4 3.0 3.2 4.7 3~6 3.5 4.1 2.9 2.5 2.5 2.9 5. 1 2.8 2.2 Z. 1 
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Stroud 3.4 3.0 2.8 3.2 2.4 3.3 
Borough Road 6.8 5.4 3.7 5.5 5.3 4.7 
A3 5.7 5.0 3.9 4.0 5.4 4.8 
Stanbridge 5.4 4.9 4.0 4.4 5.2 5.2 
Torberry 4.9 3.8 2. -2 2.5 6.6 2.9 
Goose Green 3.9 3.2 2.5 2.9 2.9 3.2 
Parks Bridge 4.6 3.4 2.4 2.7 2.8 3.2 
Mizzards 4.8 3.6 2.5 3.0 2.9 3.4 
South Harting 3.4 3.0 2.7 3.5 3.0 3.4 
Weeks Common 5.5 4.5 4.3 5.2 4.6 5.7 
New Barn 4.2 3.7 3.9 4.7 3.4 5.0 
South Downs 4.3 3.8 4.0 5. 1 3.5 5.2 
Dumpford Park 8.2 6.7 6.5 6.3 6.5 7.3 
Goldrings 16. 1 11. 8 10.511.0 11. 3 8.2 
WEEKLY SAMPLES 
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r-- ~ ('/"\ 0 r-- f.c 
..0 .-4 N N N ('/"\ 
,.c f.c f.c k f.c f.c 
II.) CiS CiS CiS CiS p.. 
r:.t ~ ~ ~ ~ < 
3.9 2.9 2.6 2.3 2.5 ·2.9 
4.4 3.3 3.0 2. 1 3.3 6.0 
3.6 3. '2 2.7 2. 1 3. 1 5.9 
3.8 4.0 3.2 3.0 3.4 6.2 
1. 9 - 2.3 1.5 1.5 0.9 6.3 
2.5 2.7 2.4 2.2 2.0 2.9 
2.3 2.3 2.4 1.8 1.7 2.6 
2.4 2.2 2.0 1.9 1.8 3.0 
2.5 2.9 2.6 2.7 2. 1 2.8 
5.2 4.9 5.0 3.8 5.5 4.1 
4.6 4.6 4.3 4. 1 4.2 4.2 
4.6 4.6 4.0 4.4 4.2 4.3 
6.3 5.8 5.7 5.8 4.9 6.6 
11.010.4 9.3 10.4 7.7 9.0 
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1.5 1.7 0.8 0.7 
3. 1 3.0 3.4 2.7 
2.4 2.2 2.4 2.0 
3.4 3.8' 4.0 3.2 
2.8 2.9 3.0 2.5 
3.9 4.0 5.2 3.7 
3. 1 2.9 3.8 2.8 
3.3 2.8 3.7 3.0 
3.6 3.6 3.8 3.2 
2.5 2.8 1.8 1.2 
3.3 3.0 3.5 3.2 
2.5 2.2 2.6 2.1 
2.6 1.8 2.1 1.5 
3.7 3.2 3.6 3.1 
5.3 3.2 4.4 3.6 
3.8 3.6 3.2 2.5 
l.8 1.8 2.2 l.7 
2.2 2. 1 2.4 2.0 
2.2 2.0 2.3 1.9 
7.2 9.9 10.3 14.4 
2.5 4.4 2.5 l.2 
2.2 3.4 2.1 2.0 
2.0 1.7 ,2.0 2. 1 
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1.2 1.3 1.1 0.9 
3.9 4.1 4.2 4.3 
2.4 2.5 2.35 '2.2 
3.9* 3.6 3.35 3. 1 
2.9 3.2 3.0 2.8 
4.4 4.5 4.3 4.1 
3.0 2.8 2.75 2.7 
3. 6* 3.5 3.45 3.4 
4.2* 3.8 3. 75 3. 7 
1.3 1.1 1.4 1.7 
4.0 3.6 3.6 3.6 
2.6 2.3 2.15 2.0 
1.6 1.4 1.3 1.2 
4.0* 3. 7 3.55 3.4 
4.5 4.4 4.25 4. 1 
1.8 1.7 1. 55 1. 4 
1.9 l.7 1. 65 1. 6 
2.0 2. 1 2.05 2.0 
2.1 2. 1 2.05 2.0 
7.6 9.2 8.6 7.4 
1.4 0.9 0.95 1.0 
1.7 1.7 1. 85 2.0 
1.3 1.2 1.2 l.2 
~ .d ~ +> +> 
0 r- ~ 
pol pol N 
..... ..... ' ..... 
~ ::s ::s 
..., ..., ..., 
0.9 1.6 1.0 
5.2 4.2 4.4 
2.4 2.4 2.5 
3.4 3.3 3.5 
3. 1 2.9 2.7 
4.0 3.4 4.5 
2.9 3.6 3. 1 
3. 6 3.5 3.3 
3. 7 3.9 3.7 
1.6 1.6 1.6 
3.4 3.7 3.8 
1.9 2.6 2.0 
1.1 2.0 1.5 
3.3 3.8 3.4 
3.6 5.3 3.7 
1.4 3.0 1.0 
1.7 2.0 1.8 
2.2 2.3 2.6 
2. 1 2.3 2.:3 
7.9 9.5 8.6 
1.0 6.4 2.3 
1.8 3.7 1.9 































































: ~ , 
MAIN RIVER rc 
..c: ~ ~ .c: .c: ..., iti N ..., .c: ..., III ... Cf' N N ~ .-I co ...-4 ~ 10 .-I ~ ~ ~ ~ ~ § CIS cd CIS cd CIS ~ ~ ~ ~ ~ ..... ~ ..., ~ 
~orough Road 2.3 7.6 2.5 1.5 2.4 2.0 1.7 
A 3 2. 1 3.6 2.6 2.2 2.6 1.8 1.2 
Stanbridge 3.0 3.8 3.4 3.8 3.7 3.2 3.2 
Torberry dry 2.0 1.4 0.7 0.5 0.3 0.3 
Goose Green 1.9 3.4 2.0 1.9 2.0 1.8 1.8 
Parks Bridge 1.1 2.8 1.1 1.2 1.0 0.9 0.8' 
Mizzq.rds 0.9 2.6 1.0 1.6 1.0 0.9 0.8 
South Harting 1.8 2.4 2.1 1.9 2.0 1.8 1.7 
Weeks Common 7.9 5.3 6.6 6.8 8.8 6.7 5. 1 
New Barn 4.3 3.6 4.8 5.0 7.7 4.8 3.7 , , 
South Downs 5.3 3.6 5.5 5.3 6.8 5.2 4.6 
Dumpford Park 4.4 4.5 5.2 5.2 4.0 4.8 4.5 




.c: .c: ~ ..., '"d ~ ~ Cf' -.0 ,.. 
.-I N rt'I .-I !""I 
~ ~ .-I .-I .-I 
~ ::s ~ ~ ~ ~ ~ ..., ~ ~ 
1.1 1.2 1.3 1.3 3.4 
1.0 1.0 1.0 1.1 3.6 
4.7 4.75 4.8 6.3 3.5 
0.2 0.3 0.4 0.3 1.0 
1.8 1.75 1.7 1.9 2.8 
0.8 0.75 O. 7 0.6 1.0 
1. 1 . 1.1 1.1 1.1 1.3 
1.3 1.2 1.1 1.0 1.7 
8. 1 8.25 8.4 9.2 5.3 
7.6 7.4 7.2 7.7 4.5 
7.4 7.15 6.9 7.2 4.9 
5.0 4.7 4.4 5.2 6.4 
9.2 8.3 7.4 7.4 8.8 
.c: ~ 















6.3 7. 1 




















































~rince' s Bridge 
Roke . 
Harrow 






































































































































..c:: fIl .... ..c:: 
.-c co .... 
N N <o::tt 
b.O b.O .... Po4 :;j :;j Q) 
< < til 
Borough Road 1.2 1.2 1.2 
A3 1.2 1.2 1.2 
Stanbridge 5.9 5.9 5.9 
Torberry O. 1 O. 1 O. 1 
Goose Green 1.6 1.6 1.6 
Parks Bridge 0.5 0.5 0.5 
Mizzards 1.0 1.0 1.0 
South Harting 1.3 1.3 1.3 
Weeks Common 9.2 9.2 9.2 
New Barn 8.5 8.5 8.5 
South Downs 6.7 6.7 6.7 
Dunford Park 4.5 4.5 4.5 
Goldrings 9. 1 9. 1 9.1 
\ 
_ ... ~'.J.' 
'" --~- . -- --_._- -'-~--. 
WEEKLY SAMPLES 
..c:: ..c:: ..c:: 
.... .... .... 
.-c co 1.0 
.-c .-c N 
.... .... ..... 
~ ~ ~ 
Q) Q) Q) 
til til til 
1.2 1.2 1.2 
1.2 1.2 1.2 
5.9 5.9 5.9 
O. 1 0.1 O. 1 
1.6 1.6 1.6 
0.5 0.5 0.5 
1.0 1.0 1.0 
1.3 1.3 1.3 
9.2 9.2 9.2 
8.5 8.5 8.5 
6.7 6.7 6.7 
4.5 4.5 4.5 
'9. 1 9.1 9. 1 













..s::: .... +~ .... ~ 
..c:: r-- ... .-c co' LO til .... C1' ~ .-c 
'""' 
N ..... co 
.-c 
... .... ... .... > > CJ U U U 0 0 0 0 0 0 Z Z Pet ersfield Effluent 19.3 19.0 22.3 13.7 14.Z 16.0 Liss Effluent 28.5 30.0 26.4 16.0 '17.6 21.0 Durford 5.7 5.8 3.6 3.9 3.5 Stanbridge 5.4 9.4 6.3 4.0 4.8 Sheet 3.9 4.7 3. 1 Z. 6 2.5 
P.rince's Bridge 4.5 4.4 2.3 3.0 2.9 
A.bove Lis s Effluent 2.9 3. 1 2.0 1.9 1.7 ,i. 
~ ..... ..s::: ..s::: .... " 
..c:: Ul # .... .... Ul ~ .-c r-- ~ .-c .... 
1""'4 N (f') r-- ..... N 
s:: s:: ~ ..0 ..0 ..0 CI) CI) CI) ~ ~ ~ ~ fzf ~ I-) I-) I-) 
Petersfield Effluent 9.4 10.8 15.610.4 9.0 1~. 4 
. Liss Effluent 13.8 19.4 14.8 16.8 12.5 18.8 
Durford 4.8 4.8 3.6 3.8 5.2 Stanbridge 5. 1 4.6 4.3 4.5 3.7 4.4 S.heet 3.9 2.9 3.2 3.0 5.4 '~rince's Bridge 3.9 3.6 3.7 3.4 4.5 Above Liss Effluent 3.6 3.0 2.8 3.1 3.5 2.8 
-.+-............ - -~---
WEEKLY SAMPLES 
oS "'d oS ,.. ..s::: ~ .... 
..s::: .... ... LC'\ N' 0" ... (\") 0 
..... N N 
'" 
.-c N 
> > > CJ CJ CJ 0 0 0 CI) CI) CI) Z Z Z Q Q Q 
13.613.1 16.8 4.8 4.9 9. 6 
16.2 17.Z 15.5 14.2 
4.4 6. Z 5. 8 4.9 3.3 3.7 
8.8 8. 1 7. 6 4.6 3.6 4.1 
3.5 4.9 4.4 5. 1 3.4 3.6 
4.0 4.5 5.0 4.3 3. 1 3.4 
3.2 4.1 4. 6 4.3 3. 1 2.1 
..s::: ..s::: ... ..s::: til ... ..s::: ... ... 
..c:: co ... ~ .-c co r-- N N .... N ..... ~ 
..0 1-1 1-1 1-1 1-1 1-1 CI) ~ ~ ~ ~ Pot fzf ~ ~ ~ ~ < 
12.0 10.2 11.3 9.8 11. 0 11. 1 





.... C'I'l "'d 
r-- r-- 1-1 
NO"C'I'l 
































LO ~ N N 








:Yi 5 5 Effluent 
, 
, Petersfie1d Effluent 
Liss Effluent 
SEWAGE vrOF~'tl 
i1 .'E Jl 
C1' , .. , N 
>- ~ >-
<t! ro <t! 














rIl ..d ... ... 
..... 
r-t ex> ..... 
N N ~ ..... 
..... ... bO bO Po! p.. 
::1 ::1 a> a> 
< < tI.l tI.l 
17.9 19.5 lS.6 lS.6 
2S.9 27.5 2S.6 2S.6 











17. 2 lS.2 




































15. 5 13. 5 









































FARMS WEEKLY SAMPLES , N ('tl Iii ~ ~ 
0' 0' 
.-4 "d ..c:: "d ..c:: ~ ~ ~ ..c:: ..c:: ..c:: .-4 
..c:: +> J.c +> ..c:: ..c:: +> +> +> +> ..c:: s:: +> '-0 ('tl 0 +> ('tl 0 l"- +> .-4 CO to til 
N 0' N ~ .-4 N N ~ .-4 N 
... 
.-4 ('tl .-4 .-4 CO 
+> +> +> ... +> > > > > tJ U tJ tJ ~ ~ U tJ U tJ tJ 0 0 0 0 4) 4) 4) G) cd cd 0 0 0 0 0 Z Z Z Z Q Q Q Q I-) I-) 
. Redlands 3.6 2.7 2.6 2.3 2.5 3.9 2.3 1.4 1.9 7.0 1.2 2.7 1.5 dry 1.5 
, 
North Didling 
Coombe Pond 0.4 0.37 0.31 0.3 0.3 0.78 3.4 5.6 0.86 4. 7 2.5 2. 1 1.2 1.8 0.77 
1vHlland 1.1 0.62 O. 72 o~ 4 0.45 0.85 5. 1 6.4 2.5 7.2 5.5 5. 1 3.3 3.0 1.9 
~1ex Cottage 2.0 2.0 O. 77 0.55 '3.4 0.65 41. 0 34.0 11. 8 16.5 ll.O 7.6 7.0 6.9 5.6 
Flex Farm 1.4 1.0 1.2 0.42 2.8 0.6 35.0 30.0 12.2 9.8 13. 1 9.0 7.8 9.2 6. 1 
'Andlers Ash 1.9 2.4 2.0 1.5 1.5 1.8 1.2 0.55 13.4 16.0 3.4 0.55 0.6 
Bare£oots ~ dry 0.66 0.9 1.1 1.3 2.5 2.0 0.6 24.0 23.0 1. 7 25.5 ,4.2 , 
Burgates 11. 2 2. 1 9.0 6.8 0.7 6.5 7.7 0.85 13.0 3.2 1.9 7.8 10.0 8.2 6.6 



































('oJ .... ~ I=: ;.l:! ~ 
..c: .... ..... r:-- (/] LO N cr· .... .... tIl C" .... to .... N N 
........ 
.... .... .... .... > 
u u u u u 0 
0 0 0 0 0 Z 
Dur1eigh Marsh SM 7.1 8.0 4.0 4.8 5.6 
Dur1eigh Marsh LGE 4. 1 4.6 7.0 5. 1 3. 1 
Durford 7.2 8.2 7.7 6.8 3.6 
'Week's Common 5.5 6.2 6. 2 " 6. 0 4.3 
, South Harting 1.9 1.6 1.3 1.3 
Mizzards 0.4 0.2 0.3 0.6 0.4 
Harting Combe" 0.3 0.2 0.2 0.5 0.2 
Ashford 2.4 3.0 2.9 2.4 2.0 
Highe r Oakshott 2.7 2.9 2.9 2.6 1.9 , 
6.8 5.5 Farewell's· 7.9 7.4 7.2 
Varm Farm 0.7 2.7 1.6 1.8 1.6 
~mpshott Green 3.5 3.6 2.5 3.0 2.6 
Wyld Rose Cottage 3.4 4.2 3. 1 3.2 2.,8 
Nursted Main Crundle 




ti ~ ~ ti .... .... '0 
('oJ C" ~ ... 0 
.... .... ('oJ c:'l .... 
~,. > :> u u 
c' 0 0 CI) CI) Z Z Z ~ ~ 
6.3 9.3 6.1 13.4 16.0 
3.9 4.8 4.0 6.6 7.4 
2.0 2.7 4.0 4.8 5.9 
4.4 3.3 4.5 4.2 3.7 
1.9 1.7 2.0 2.8 
0.4 0.3 0.3 0.2 0.3 
0.3 0.2 0.3 0.3 
1.8 2.3 2.2 2.4 2.9 
2. 1 2.7 2.5 4.2 4. 1 
5.6 6.5 5.8 7.6 6. 1 " 
0.7 10.8 2.8 7.4 4.9 
1.8 3. 7 3.3 5. 1 12. 1 


















2.5 2. 1 
3.6 2.0 



































































,.a ,.s:::: ,.s:::: ,.s:::: ,.s:::: 
,.s:::: ...., 
...., 
~ f1.I .... .... CO :c ...., .... 
.q4 .-c .... 
.... N N 
~ ~ C' ..c ,!'.' ..c 4J C. 4J CIS CIS ;tI ~ I-'=-I ~ ..., ..., ..., 
Durleigh Marsh SM 10.4 7.3 6.2' 5.5 6.2 6.0 
Durleigh Marsh LGE 6.3 5.2 4.3 4.0 ~.5 4.5 
Durford 3.1 3.9 6.4 6.4 6.5 6.2 
Week's Common 4.1 4.3 4.1 5.3 5. 1 5.1 
South Harting 2.9 2.9 3.3 3.4 3.6 3.4 
Mizzards 0.74 3.7 1.4 0.25 1.7 
Harting Combe 1.5 1.3 0.7 0.35 0.35 0.32 
Ashford 2.4 2.8 2.5 3.0 2.6 2.6 
Higher Oakshott 3.2 3.1 2.7 2.7 2.7 3.0 
Farewell's 6.4 6.6 7. 1 6.3 5.8 6.S 
, Vann Farm 4.0 4.4 3.6 4.3 3.0 3.8 
Empshott Green 6.9 6.7 7.4 7.9 7.1 7.2 
Wyld Rose Cottage 2.9 3.0 2.9 3.4 3. 1 3.4 
Nursted Main Crund1e 6.0 6.2 6.1 
Nursted Small Spring 3.5 2.5 2.4 2.0 2.5 
Ditchen 1.0 1.0 O. 88 O. 75 0.75 0.7 









.... CO 1.0 1.0 ...., N .q4 .... .... N 
1-1 k 1-1 1-1 
.0 CIS CIS ct~ CIS 4J ~ ~ ~ ~ f%t 
6.2 5.5 7.0 5.7 
4.3 4.5 3.6 4.4 3.8 
6.2 6.8 6.6 8.1 4.7 
4.9 4.9 4.7 5.3 4.7 
3.3 3.4 3.2 3.5 3.0 
2.3 1.9 0.6 0.4 0.3 
0.2 0.4 0.3 0.2 0.4 
2.5 3.0 2.6 2.7 2.3 
3.2 3.3 3. 1 2.2 2.4 
6. 1 6. 1 5.9 7.7 5.2 
3.0 2.9 3.3 2.9 2.9 
7.0 6.6 5.9 6.3 5.5 
3. 1 3.2 2.8 3. 7" 3. 1 
6.5 4.9 6.8 
2.4 2.4 0.7 
0.65 0.9 0.8 0.6 0.4 
4.9 5.0 4.4 5.6 4.9 
:,..a 











0.4 0 .. 2 
2.3 2.4 


































































SPRINGS or: or: or: WEEKLY SAMPLES or: :a :a "'C or: or: 
o:S 
~ ~ ~ 
"'C or: or: ~ 0' ('I'l 0 r- ~ ~ ~ ~ or: ~ ~ ~ N ... 0 t'- ~ 0' ..... N 
'" 
.... N N (Q ..... 1O N 1O .... ('I'l .... .... N .... co .... N ,N 
... >- >- >- >- § ~ § § bO bO s::l4 rJ rJ rJ rJ .... 
-a -a .... -a =::s =::s 
< ~ ~ ~ ~ =::s =::s =::s < < .., .., .., .., .., .., .., .., .., , , 
Dur1eigh Marsh SM 5.3 6.3 7.0 5.9 5.7 5.4 5.2 4.8 4.8 5.3 5. 1 6.1 5.1 4.8 4.7 4.7 
Durleigh Marsh LGE 3.3 3.7' 3.8 3. 1 2.7 2.5 2.6 2.4 2.4 2.0 2. 1 2.3 2.2 2. 1 Z.O 2. 1 
Durford 1.7 3.8 7.8 5.5 7.2 7.5 7.7,7.0 7.0 7.2 7.4 4.6 6.8 6.3 6..0 6.7 
. Week's Common 5.3 4.8 4.7 4.8 4.7 4.3 4.6 3. 6 3.6 4.4 4.5 3.8 4.1 4.4 ~.6 3.6 
South Harting 2.3 2.4 2.7 2.5 2.0 1.8 1.8 1.5 1.5 1.7 1.7 1.4 1.5 1.5 1:.5 1.4 
Mizzards 0.3 0.3 0.4 0.4 0.3 0.2 0.2 0.3 0.3 0.5 0.4 0.2 0.3 0.3 ,~.3 0.2 
Harting Coombe 0.4 0.5 0.3 0.3 0.4 0.3 0.2 0.2 0.2 0.3 0.5 0.3 0.2 0.2 ~.2 0.2 
Ashford 2.6 2.5 2.5 2.5 2.5 2.4 2.3 2.3 2.3 2.3 2.5 2.1 2.'5 2.3 ~. 1 ~ 2.3 
Higher Oakshott 2.7 2.9 3.0 2.6 2.5 2.7 2.6 2.5 2.6 2.5 1.9 2.5 2.3 2.4 ~. 1 2.3 
Farewell's 5.9 ' 6.1 6.8 6.4 6.4 6.0 5.4 5.4 5.0 6. 1 5.8 5.7 5.7 5.7 5.4 5.0 
. 
Vann Farm 2.9 4.5 3.5 3.2 2.4 2.5 2.2 1.9 1.9 2. 1 2.0 5.2 2.4 2.0 Z. 1 1'.9 I 
6. 1 6.0 6.1 5.6· 5.0 
I 
Eznpshott Green 5.2 7.0 5.0 5.2 4.9 4.8 4.4 5.0 5.4 ,4. 7 4.8 I 
Wyld Rose Cottage 2.7 3.2 3.2 3.4 3.6 2.3 2.4 2.7 3.2 2.6 2.4 2.6 2.3 2.4 2.3 2.3 I I 
Nursted Main Crund1e 5.9 7.8 7.8 0.6 .' I 
Nursted Small Spring 2.6 2.8 3.3 3.0 3.0 2.1 2.1 1.9 1.0 
' 'I 
., 
Zo:t Ditchem 1.0 '0.4 10.5 .... 0.4 Buriton 3.8 4.6 . 5.5 4.7 4.5' 4. Z 4.0 3.3 4.4 3.7 3.5 2.9 3.7 3.3 3.5 
, II 1 • 1 
. :1 
'. J I' 
" " I 
" 












FIELD DRAINS WEEKLY SAMPLES 
.t: .t: ~ 
-j' 
.t: .t: .t: .t: .t: 
'" 
C'~ .t: .t: .t: '0 ... ... ... N~ ii1 I:: .t: ..t ~('t') ~ ~ ... J; 0 r- ~ ti- N ... r- N r- .... N N .... :-"Ir- ..0 .... N N .... .... 0'> > u u u u UO' t:: c= t:: t:: ,.a ,.a .0 .0 
.... 0 0 4) 4) 4) 4) 4) .... ro ro ro ro 4) 4) 4) 4) Z Z Q Q Q Q Q ...., I-) ..., I-) ~ ~ ~ ~ 
Goldrings Gate 17.0 21. 0 25.9 10. 7 14.4 13.5 13.7 14.7 2.8 13.4 15.2 15.0 13.413.8 12.0 
Elsted East 16.8 16.4 19.2 11. 7 11. 7 9.6 7.4 6.3 5.7 10.3 9.7 11. 2 10.9 13.0 11.8 
Redlands 43.0 33.4 13. I' 10.4 21. 0 12. 6 
Elsted 37.2 31. 0 22.5 16.8 9. 1 17.0 18.8 
Eas~ Harting 35.5 29.6 11.6 9.3 5.8 5.9 5.7 12.0 9.2 8.3 7.3 6.7 7.5 6.1 
S'outh Harting 9.4 7.3 7. 1 5.5 5.5 5.3 7.0 6.1 4.2 
Nyewood 4.0 1.9 1.9 1.4 2.9 1.6 1.4 1.7 1.6 1.8 1.6 
Durford Bridge 7.6 5.6 5.1 4.7 4.5 5.9 6.2 5.5 4.8 
Durford Tile 8.3 5.8 5.8 3.7 6.5 
Ryefields 7.5 4.7 1.7 0.94 1.5 6.1 1.3 1.0 0.8 0.7 
, West Harting • 6.1 9.0 8.5 8.2 4.8 4.0 3.0 6.8 4.9 3.6 3.7 3.4 5.5 4. 1 . 
Nursted 12.7 6.9 3.6 7.0 4.4 
'Weston Field Drain 8.7 5.4 4.2 2.5 6.1 1.3 6.0 3.5 
Stroud Bridge from N. 15.8 23.4 10.2 9.1 8.4 8. 1 7.9 10.6 9.2 9.3 8.9 8.9 10.4 9.4 
Stroud Bridge from 5. 7.2 10.1 6.2 5.9 5 .. 0 4.8 4.8 6.6 6.7 6.8 6.8 5.7 5.8 6.3 
Roke 11. 0 8.2 7.4 5.4 5.2 5.0 11. 0 8.6 7.7 6.5 6.5 6.8 5.9 
. 
Barefoots 4.0 2.5 1.4 1.2 1.3 1.5 2.8 1.3 1.2 1.1 0.04 1. 6 1.4 
Burgates 10.4 13.4 12.4 8.5 7.7 7.5 8.3 11. 2 8.5 8.7 9.9 9.3 9.0 9.6 j 
A 325 N. 9.0 15.6 15.0 14.0 9.5 7.5 6.6 13.8 13.0 9.4 9.4 11.5 11.5 7.4 . , 
1 A 3245 1.9 4.5 6.0 2.4 0.84 0.9 0.9 1.2 2.6 1.5 0.9 1.1 3.0 1.7 I 
Flex Cott Tile 18.7 32.2 30.0 27.8 25.0 24.3 23.5 27.3 26.5 27.2 29.6 27.729.0 27.8 
~lex Cott Field Drain 19. 0 15.0 18.3 7.0 8.8 6.6 6.1 4.7 9.6 8.6 7.2 6.2 6.5 7.4 5.1 
Flex Fann Tile 1.5 1.0 0.7 0.8 0.3 0.3 0.4 0.3 0.4 0.3 0.55 0.4 0.35 
~rincel s Bridge Tile 2.5 0.7 1.2 1.6 0.9 1.2 0.65 1.0 1.1 0.65 0.74 0.95 
Common '\Vood F/D 1.9 2.3 0.6 0.76 0.8 0.8 0.51 1.2 0.7 0.7 0.6 0.75 0.55 0.65 







"d FIELD DRAINS WEEKLY SAMPLES ~ 
((l 
~ ~~ ~~ ~~ ~..., ~,J:l ~.d ~ ~ ~,J:l ~,J:l ~,J:l ~,J:l ~,J:l §~ §~ reS rd ..... reS ..., rd ..... reS III Pi~ Pi! Pi~ III ..., III ..., III ..... ~ ~~ ~::: ~~ _ r- Pi ..... <~ ~m ~~ ~~ ~~ ,.2;(\"\ <f"" < r-4 < N .,N "0' 
Coldrings gate . 11. 2 8.8 9.4 4.8 3.2 6.2 3.5 2.4 1.6 1.7 1.1 0.8 
East Eisted 6.2 10.9 8.0 
Redlands 7.0 
Eisted 8.0 30.5 
East Harting 5.8 5.2 5.8 5. 1 2.8 4.9 4.8 2.8 4.4 
South Harting 
Nyewood 1.0 1.3 3. 1 1.5 0.6 0.9 1.3 1.7 0.5 1.3 0.6 0.7 
. Durford Bridge 
puriord Tile 
~yefields 0.7 0.8 1.7 1.0 0.4 3.8 0.4 2.7 
West Harting 3.8 3.5 4.2 4.0 3.8 5.5 3.3 4.3 4.2 6.6 5.2 3.5 2.7 1.9 
·Nursted 5.7 
. 
' Weston Field Drain 1.7 4.4 2.3 1.7 6.5 2.6 0.5 
Stroud Bridge from N 7.6 6.5 4.7 6.3 2.2 5.7 2.3 5.4 1.9 6.5 3.6 0.9 1.9 1.3 
Stroud Bridge from S 5.1 4.0 4.7 3.0 2.3 4.1 3.6 3.3 ~.2 3.7 4.7 3.8 3.9 3.4 3.4 
Roke 5.5 4.8 4.8 4.4 3.0 5.0 4.2 10.8 4.6 12.0 4.3 0.8 2.8 . 1. 4 
Barefoots 2.3 0.9 1.5 0.3 0.7 0.7 0.6 0.6 0.6 1.1 0.6 0.2 0.3 0.5 
Burgates 9.3 8.8 10.4 8.5 8.2 9.0 9.8 9.0 9.4 9.8 9.8 8.3 8.7 7.4 8.9 
A 325N 6.1 3.5 0.6 6.3 1.1 0.6 1.9 
A 325 S 1.5 0.8 1.5 1.5 1.4 1.0 2.0 1.6 1.3 1.3 1.4 1.2 1.4 1.6 
Flex Cott Tile 28.0 26.0 26.5 26.7 9.9 19.2 18.5 18. 5 15.6 9.6 15.0 13.8 13.5 
Flex Cott Field Drain 3.7 4.0 5.2 3.0 6.2 3.9 2.4 2.8 1.0 7.1 2.3 1.6 0.5 
Flex Farm Tile 0.6 0.3 0.3 0.2 0.7 0.4 0.8 0.2 0.3 0.2 0.2 0.2 0.3 0.1 
Prince's Bridge Tile 0.6 . 0.8 0.5 0.4 0.6 0.4 0.5 . 0.1 
Common Wood F/D 0.45 0.7 0.7 0.3 0.6 0.7 0.6 0.2 0.7 0.6 0.3 0.4 0.5 


















Weston Field Drain 
Stroud Bridge North 





A 325 S 
Flex Cott Tile 
Flex Cott Field Drain 
Flex Farm Tile 
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2nd Sept. 1972 
. Station Sample 




5 Habin 5.4 5.5 5.5 5.6 5.5 5.5 5.4 5.5 5.5 5.5 
6 Durford 7.4 7.3 7.3 7.4 7.4 7.4 7.4 7.3 7.4 7.4 
7 Sheet 
8 Prince's Br. 5.4 5.3 5.4 5.4 5.5 5:3 5.5 5.5 5.3 5.4 
9 Liss 3.2 3. 1 3. 1 3. 1 3. 1 3. 1 3. 1 3. 1 3.1 3.1 
10 Geatham 1.9 1.9 1.9 1.8 1.9 1.9 1.8 1-.9 _ 1.9 1.9 
11 Hawkley 4.5 4.5 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 
12 Goldring s 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 
13 Durnpford Pk 9.6 9.7 9.6 9.6 9.6 9.7 9.7 9.6 9.6 9.7 
14 South Downs. -10.6 10.6 10.6 10. 6 10.8 10.6 10.8 10.6 10.6 10.8 
15 New Barn 8.4 8.3 8.3 8.4 8.4 8.4 8.4 8.4 8.4 8.4 
16 Weeks Comm. 6.8 6.8 6.9 6.9 6.8 6.8 6.8 6.7 6.8 6.8 
17 South Harting 1.9 1.9 1.9 1.9 'I. 9 1.9 1.9 1.9 1.9 1.9 
18 Mizzards 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3 
19 Parks Br. 




24 Borough Road 
25 Stroud 
26 R2146 1.1 1.2 1.2 1.2 1.2 1.1 1.1 1.2 1.2 1.2 
2. 7 Frenchmans 
La. 3. 1 3.1 3.2 3. 1 3. 1 3.2 3. 1 3. 1 3.3 3.2 
28 Berelands 
29 Mill Lane 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.4· 3.4 
30 Harrow 
31 Roke 
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5th Sept 1972. 
Iping: 
left 5.0 5.0 5.0 5. 1 5.0 5.0 5.0 '5.0 5.0 5.0 
centre 5.1 5. 1 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 
right 5.1 5.0 5.1 5.0 5.0 5.0 5.0 5.0 5.0 5. 1 
REPLICATE SAMPLES FROM SPRINGS AND FIELD DRAINS 
4th Sept. 1972 
Station 
Durleighmarsh 4.7 4.7 4.6 4.6 '4.5 4.7 4.6 4.6 \4.6 4.5 
spring 1 
Durford spring 9. '4 9.4 9.4 9.4 9.4 9.4 9.4 9.S" 9.5 9.4 
Vann Fm. sp. 3.5 3.6 3.5 3.6 3.6 3.5 3.6 3.5 3.8 3.6 
Mizzards sp. 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
'Veeks Comm. sp. 6. 8 6.7 6.7 6.9 '6.8 6.8 6.8 7.0 6.9 ,6.8 
South Harting .. 1.9 1.9 1.9 1.9 1.9 1. 9 . 1.9 1. 9 . 1.9 1.9 
sp. 
Buriton sp. 4.4 4.5 4.5 4.4 4.5 4.5 4.6 4.5 4.5 4.5 
Empshot Green 5.6 5.6 5.6 5.5 5.6 5.6 5.5 5.6 5.6 5.6 
sp. 
Farewells Fm. 9.6 9.6 9.6 9.6 9.6 9.69 9.6 9.6 9.7 9.7 
sp. 
Ashford 5.5 5.5 5.6 5.6 5.6 5.7 5.7 5.6 \ 5.6 :sp. 5.7 ' \ 
Harting Coombe 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 
sp. 
Durlieghmarsh 4.9 5.0 5.0 5'.0 5. 1 5.2 5.2 5. 1 5.1 5. 1 
sp.2 
•• 0 _ • _ • _ ••• 
. . - . ... . ... ... .. . ..... - ... ... . - ... 
.. 
Stroud Br. Tile 7.4 7.5 7.4 7.0 
Westll:l Tile 3.9 4.4 4.4 4.5 
Nursted Tile 5.7 5.7 5.7 6.00 
Stroud Br. Tile 6.6 6.5 6.4: 6.0 
Celias Wood 6.2 6.6 6.0 5.8 
Durford Tile 5.6 5.0 6. 1 5.5 
27th Jan. 1972 
6.8 7.5 8.0 7.3 
4.4 4.4 4.5 4.5 
5.4 5.9 5.6 6.2 
6.7 6.3 6.2 6.3 
6.4 5.8 5.8 5.6 









6.3 . 6.0 
5.9 5.7 
5.9 5.3 
SHORT TERM VARIATIONS IN THE N03-N CONCENTRATIONS IN SPRINGS AND FIELD DRAINS 
A. Over twenty four hours; Date 7 November 1972 
• • co 
'Time Ashford iiy1d Rose Cottage Farewells A325N F1excombe Cott. 
01·.00 2.0 2.6 5.5 9.5 16.8 
04.00 2.0 2.5 5.1 9.5 16.8 
07.00 2.1 2.3 4.9 9.6 16.7 
10.00 2.3 2.4 4.9 9.8 17.0 
13.00 2.0 2.6 5.6 9.9 16.8 
16.00 2.1 2.3 4.8 9.6 16.7 
19.00 2.3 2.4 5.4 9.8 16.8 
22.00 2.1 2.5 4.8 9.8 16.9 
01.00 2.3 2.5 5.0 9.8 17.0 
B. Over one hour; Date; 7 September 1972 
Time Dur1eighmarsh A Mizzards Weeks Common 
09.30 5.3 0.23 6.3 
09.40 5.4 0.23 5.7 
t.~; ; 50 5.4 0.24 5.6 
lOJ'(\ 5.4 0.24 5.6 
10.10 5.4 0.24 4.9 
10.20 5.4 0.24 5.7 
10.30 5.4 0.24 5.6 
... 
SHORT TERM VARIATIONS IN THE N03-N CONCENTRATIONS AT SEWAGE WORKS 












































* no access to effluent 
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FIELD DRAINS - Site Description for locations see Fig. 
Name Geology Land Use 72/3 Type 
1. Goldrings Gault Arable - Cereals Ditch 
2. Elsted A U. G. S. Arable - Cereals Tile 
3. Redlands U. G. S. Arable - Cereals Ditch 
4. Elsted B U. G. S. Arable - Cereals Ditch 
5. East Harting U. G. S. Arable - Cereals Ditch 
6. South Harting U. G. S. Arable - Cereals Ditch 
7. Nyewood L. G. S. Non Arable-Pasture Ditch 
8. Durford Bridge L. G. S. Arable - Potatoes Tile 
9. Durford L. G. S. Non Arable-Cereals Tile 
10. Ryefield L. G. S. Non Arable - Pasture Ditch 
II. West Harting U. G. S. Non Arable - Pasture Tile 
12. Nursted U. G. S. Arable - Cereals Tile* 
13. Weston A U. G. S. Non Arable - Pasture Tile 
14. Weston B U. G. S. Non Arable - Pasture Ditch 
15. Stroudbridge A Gault Non Arable - Pasture Ditch 
16. Stroudbridge B Gault Non Arable - Pasture Ditch 
17. Roke U. G. S. Arable - Cereals Ditch 
18. Barefoots U. G. S. Non Arable - Pasture Ditch 
19. Burgates Gault Non Arable - Pasture Ditch 
20. A 325 N L. G. S. Arable -Cereals Tile 
21. A 325 S L. G. S. Non Arable - Rough 
Pasture Tile 
22 Flcxcombc 
Cottages A Gault Arable - Cereals Tile 
23. Flexcombe 
cottages B Gault Non Arable - Pasture Ditch 
24. Flexcombe 
Farm Gault Non Arable - Pasture Tile 
25. Prince's Bridge L. G. S. Non Arable - Pasture Tile 
26. Common Wood A L. G. S. Non Arable - Woodland Ditch 
27. Common Wood B L. G. S. Non Arable - Woodland Tile 
*Not included in analysis because of contamination. 
--
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The main interest was in inorganic nitrogen. The predominant 
form is the Nitrate species. Ammoniacal Nitrogen exists in large amounts 
in effluents from sewage works and farms. It is unlikely that 
Nitrites exist in measurable amounts. Oxidising conditions 
predominate in the river and its tributaries and it is also 
ulikely that high concentrations of Ammoniacal Nitrogen will 
persist there. This was found to be the ·caae in preliminary 
studies during 1971 - 2 ( see TableAi ). 
Ammoniacal Nitrogen was measured using a coloriInetric 
test with Nessler's Reagent in strongly alkaline conditions. There 
are several factors which could interfere with this method and 
the data re£t.¢"'eing to sewage effluents could be very inaccurate. 
Those referring to river samples, where very little Ammoniacal 
Nitrogen exists, are pro~ably reliable. 
Nitrate was measured using a Corning - EEL'Nitrate Electrode. 
In pilot studies before. 1972 Nitrate was measured by a colorimetric 
technique using Brucine ( Thomas and Chamberlain 1968 ). 
Samples were obtained using a metal bucket andc care was 
taken not to include any living or dead animals and plants, organic 
matter and sediment. They were transferred to a laboratory 
in polythene bottles without any additions. Bottles were pre-
washed with a portion of the sample. They we re analysed within 
a few hours •. No inhibitors nor special proceedures followed 
to prevent deterioration during this time. On a few occasions' 
when samples were kept overnight for analysis they were stored 
, 
TABLE Ai 
CONCENTRATIONS OF N03-N AND NH4-N IN THE RIVER ROTHER 
ppm: N03-N ppm. NH4-N 
HAWKLEY 3.6 n.m. 
GREAT HAM 1.4 n.m. 
LISS 3.4 n.m. 
PRINCE'S BRIDGE 4.6 0.2 
SHEET 4.2 0.1 
DURFORD 4.5 0.1 
HABIN 4.1 n.m. 
TERWICK 4.3 0.2 
CHITHURST 5.0 n.m. 
IPING 5.1 n.m. 





in the dark. 
Experiments were conducted to test for deterioration. One 
was conducted during December 1972 and a second during May 
1973. Five splits of the same sample were taken and analysed 
for Nitrate Nitrogen after thirty minutes, four hours, twelve 
hours, twenty four and seventy two hours ( Table Aii) .The 
samples taken in December showed slight deterioration only 
beyond twenty four hours. Those in May had shown signs 
of deterioration after twelve hours and after seventy two hours 
it was serious. The difference is undoubtably due to the presence 
of aquatic organisms during the summer months. 
Samples were not stored frozen for later analysis. 
AMMONIACAL NITROGEN. 
The test for ammoniacal Nitrogen was taken from the Lavibond 
manual "Colorimetric Chemical Analytical Methods" ( Thomas 
and Chamberlain 1967) and is a standard method for river 
waters. 
To 8 ml of sample were added 1 ml of 250/0 w/v NaOH solution 
and 1 m1 of Nessler's Reagent. The resultant colour extinction 
was measured with an EEL portable colorimeter with a No 625 
( Green) filter. Distilled water was used as a blank Standards 
were prepared using Ammoniacal Nitrate· in the range O. 1 to 
20 mg/1 w/v of Ammoniacal Nitrogen. Above this concentration 
dilution was necessary .. 
285 
TABLE Aii 
CHANGES IN N03-N CONCENTRATION OF REPLICATE SAMPLES OVER TIME 
HOURS DECEMBER MAY 
00.0 7.1 5.3 
00.5 7.1 5.3 
04.0 7.0 5.3 
12.0 6.9 4.4 
24.0 6.5 3.9 
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Calibrations were performed with new batches of Nessler's 
Reagent and on replacemant of the bulbs of the colorimeter. 
The main interference in this test is likely to be from 
.Creatin and related organic compounds. In the analysis of 
sewage effluents it is possible that these interferences were 
serious. No pre-treatments were performed and there remains 
the possibility of large errors in measure~ nts on these samples. 
However, no serious descrepancies ( an order of magnitude) 
from analyses published in the literature were observed. 
Furthermore independent analyses of the effluent samples 
provided very similar resul~s from the test used in this study. 
( Table Aiii). 
Reproducability of results was established under normal 
running conditions to a precision of : 
O. I mg/l in the 0 to 1 mg/l range. 
0: 2 mg/l in the I to 2 mg/l range. 
0.5 mlJI in the 2 to 10 mg/l range. 
1. 0 mg/l in the 10 to 20 mg/l range. 
NITRATE NITROGEN. 
Nitrate Nitrogen was measured using a Corning - EEl 
Nitrate electrode in conjunction with a Corning - EEL expanded 
scale pH meter ( Edwards, McDonald and Petch, 1975) . 
. 
Concentrations were measured quickly and simply by immersing 
the electrode and a reference electrode into the sample. A small 
... 
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degree of shaking was required to ensure mixing and more 
rapid settling of the instrument. Calibration against a 10 mg/l 
w/v solution of Nitrate Nitrogen was performend at the beginning 
of each period of analysis and at intervals during it. A tendency for 
shift was found during the analysis of the first ten or twenty 
samples. This was always observed, corrected and the samples 
re-analysed. 
The main important interfering ions are the Arsenate and 
Perchlorate species. These are extremely unlikely to 
occur in this river and their possible effects were ignored. 
The only ion likely to interfere was Chloride. This interferes 
to the extent of 1/250 th of its concentration. Levels of 
chloride in the Rother and its tributaries are of the order of 
30 ppm ( A. M. C. Edwards, personal communication). A 
selected set of samples analysed independently ace orded with 
this figure ( Table Aiii) ;rhus a consistent error of the order 
of O. I mg/1 occured. This is hereafter ignored. 
Reproducibility of results was established under normal 
runnung conditions to a precision of: 
0.05 to 0.10 mg/l in the range 0.1 to 1. 0 mg/l N0
3
-N 
0.10 to 0.20 mg/l in the range 1. 0 to 10 mg/l N03-N 
O. 2~ to 2.00 mg/l in the ral)ge 10 to 100 mg/l N03-N 
The electrode did not perform with a linear response at 
concentrations below 0.3 mg/l NO -N. 
.. 3 
The data used in this thesis are presented in Appendix 5 . 




INDEPENDENT ANALYSES OF REPLICATE WATER SAMPLES 
SAMPLE No. ppm. N03-N ppm. C1 
Method 1 Method 2 
1 17.0 17.0 50.4 
2 27.7 28.0 31.9 
3 19.0 20.0 44.0 
4 1.4 1.4 29.8 
5 0.7 0.6 24.5 
6 4.2 4.4 28.4 
7 4.1 4.5 25.5 
8 2.8 3.6 20.6 
9 2.4 3.0 21.3 
10 1.7 1.7 25.9 
11 5.8 11.8 234.0 
12 3.6 4.2 23.1 
13 5.7 5.5 28.4 
14 7.0 2.9 356.3 
15 3.2 4.0 27.3 
16 1.3 2.0 18.0 
17 2.8 3.9 29.8 
18 2.8 2.7 22.7 
19 4.0 4.6 22.0 
20 12.3 14.3 30.1 
continued. 
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performed by Fison's Levington Research Station 
Nitrate Electrode by the author 
Chloride analysed by Mohr's method. 
Variations within ± 0.2 ppm (or + 0.2 mgtl ) N03-N are not 




DATA USED IN ANALYSIS OF VARIANCE. 
. 
. 
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DATA USED IN ANALYSIS OF VARIANCE. 
SPRINGS. 
Upper Greensand 
I Dry 6.2 6.0 3.8 5. 1 5.3 
Wet 3.7 6. 1 6.1 3.3 3.7 
II Dry 2.4 4.9 5.3 5.2 6. 1 
Wet 4.1 4.3 6.4 6.0 2.5 
TIl Dry 5.3 4.7 6.8 6.0 3.0 
Wet 4.8 5. 1 4.8 5.9 6. 1 
IV Dry 4.4 4.5 4.4 6. 1 5.8 
Wet 3.8 5.2 4.5 4.5 4.5 
Chalk 
I Dry 1.3 2.0 3'.0 1.8 2.5 
Wet 1.8 2.5 3.6 4.6 3.2 
n Dry 3.3 3.0 3.4 3.5 2.2 
Wet 2.4 3. 1 4.4 3.6 2.7 
ill Dry 2.4 3. 1 1.8 2.6 1.9 
Wet 2.3 2.3 2.7 2.9 4.5 
IV Dry 1.5 2.3 2.0 2.4 3.7 
Wet 1.4 2.5 2.2 4.4 2.9 
Lower Greensand 
I Dry 4.6 6.8 5.9 0.2 4.2 
Wet 7.4 6.3 0.3 2.9 2.8 
II . Dry 1.4 3.6 3.8 6.2 0.6 
Wet 4.5 "6.5 1.5 6.3 5.2 
III Dry 4.4 2.8 2.6 7.0 . 0.2 
Wet l). 3 1.7 3.8 2.7 3.2 
. _ . _ .. __ . . ~V Dry' 5. 1 2. 1 2.2 7.2 2.3 




I Arable Dry 7.4 5.9 5.5 5.2 6.0 
Wet 43.0 10.4 31. 0 7.4 16.8 
Non-arable Dry 4.0 1.3 2.7 2.7 2.6 
Wet 8.5 8.7 5.4 4.0 1.4 
II Arable Dry 6.3 6.2 6.7 4.2 6.5 
Wet 10.3 12.0 9.2 4.4 11. 0 
Non-arable Dry 3.7 3.4 3.8 2.3 0.9 
Wet 4.9 5.5 6.1 2.8 1.6 
III Arable Dry 8.0 4.8 4.2 10.8 4.6 
Wet 8.0 7.0 30.5 12.0 1.1 
Non-arable Dry 2.7 1.9 1.7 0.6 0.6 
Wet 5.5 4.4 6.5 0.7 1.1 
Lower Greensand 
I Arable Dry 4.7 7.5 6. 1 6. 1 6. 1 
Wet 7.6 5'.6 5. 1 9.0 14.0 
Non-arable Dry 0.9 0.9 0.9 0.9 0.9 
Wet 1.9 5.8 1.7 1.9 6.0 
II Arable Dry 7.2 9.4 6.2 0.6 6.3 
Wet 5.9 5.5 13.8 13.0 11. 5 
Non-arable Dry 1.0 3. 1 1.7 1.4 0.9 
Wet 6.5 2.9 1.6 3.0 1.8 
III Arable Dry 0.6 0.6 0.6 0.6 0.6 
Wet 1.1 1.9 1.5 1.5 1.5 
Non-arable Dry 1.3 1.2 0.8 0.5 O. 1 
Wet 1.7 1.0 1.3 1.4 0.6 
FIELD DRAINS - continued .•.• 
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Gault continued ...• 
III Arable Dry 3.5 1.6 0.8 18.5 15.6 
Wet 6.2 1.1 19.2 9.6 15.0 
Non-arable Dry 3.6 9.0 2.4 . 2.8 0.3 
Wet 5.7 2.6 3.7 7. 1 0.2 
• 
_ .. -0_-
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NITRATE nocEL or ROThER BASIN 
JOB FILEUh ;[CeS 
UIPUT HYORIT 
ZrORTRAN TlnEZ7e 






C PROGRAM FOR CDnPUTINO U£EkLY NITRArE NITROotN UAL~E9 AT T~IR'Y 
C SIX STATIONS IN !h£ ROThER BASIN ~~INO A RE~RE~SION ON. 
e LAN~ USE CEOLOGY SfASON AN~ OISChAROE 
C AND ON A SIMPLE hYDROLOGICAL MODEL UhICk DI9TRIB~r[s ThE FLOU AT The 
C BASIN MOUTH TO ThE THIRTY Six S~B BASINS 
, 
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NITRATe MoDeL OF ROTHeR BASIN PACt -
c THe ChOice OF INSeRrlNG LAND U~r- CHANGES IN A srCOND TtAR IS OIUtN 




















ox LAN~ usr DATA FOR 36 SUB BASINS FOR YEAR 2 
BX REC~(SSIONS COEfFIClrNTS 
SUM COMPUTCo MtANS AT 3(1 STATIONS" 8 S£R!:ON'U. MtANS AT tACH 
DO INDtP£NO£NT UARIABLrs IN THE R(CReSSION 
o M£ASUReD MEAN CoNCCNTRATION FROM srUACC WOR~S 
NO TOTAL N~MSER OF urr UE(kS AND DRY UE£KS IN rACH or 1 Sr~ONS 
NU -3ABELS O~ weT WE(kS RND DRY weEKS 
NP ARCA OF tACH OF S ROCKS IN rACH or 36 S~B BASINS 
Q TOTAL DISCHARGe PER UNIT AREA OF [ACH ROCK PER ue[K 
R urEklY DISCkARGGS fROM S~9 B~SINS ~O SrUAe£ UOR~S 
RR U£CklT DISCHARGES AT STAr IONS 
C CoNCCNTRATIONS FROM SrUAGC UQRKS ~ ~B BASINS 
CC COMPUT£o CoNC£NTRATloNS AT STATIONS 
co UCCKlY CUIC~FLO~ fROM CACH ROCK 
B9 UCEkLY BAsrrLO~ rRoM £AC~ RoC~ 
NO TOTAL UCC~LY O~ICkrlD~ 
N9 TOTAL UCCklY BA5rFlDu 
00 TOTAL CUICkFLO~ PtR ~NIT ARCA cr EAC~ ROCK FOR [RCH UNIT OF MQ 
DB TOTAL SASfrLDU PCR ~NIT ARCA or rACH ROCH FOR rACH UNIT OF MB 
olt1£NSION DCC 21. 28S '.D( 11.B', SUM( a8B '.BlCC 21 ),oxe 3B) 
olt1£NSION RC'S2).ASCS2' 
OIMCNSloN NOC9h"i(.J( 13.8' 
DiMeNSION NPC36.S).Q'S2.S).RR(36.S2) 
DIMCNSION LP( 1<l).Lor 12)'lR( 12'.lSl 12) 
OIM£NSION LTC 12)'L~( 12) 
OIMCNSION Ii!( "1052) 
DIMENSION C'''1052,.CCC3G.S2) 
DIMt:NSION aC'52.5).BSCS2.S) 
DIMENS ION 'Ie' 52 )'NS( 52 hDC( 5). OB( $) 
ReRoe I. SSS)( o~(lO.I(-I. 36) 
S9S FoRMATC20r1.1) 
613 ~DRnqT( 813) 
RE:Ro( 10 6Iot)(N(.J(K. J),I(-Io 13) 
611 FD~n~T< 1313) 
600 CCrlTlN'';E: 
00 60S 1"10268 




RE:Ao( 10 611 )( 0< K. J ,.1(-3,., 41 ) 
611 FORMQTC20F1.1) 
607 CDMf INUE: 
ReRo( 1.613 XNO( J). J-I.8) 
ReRO( 1.612XBlC( J),J"I.2") 
612 FoRM~T(13rG.3~1IF6.3) 
009 1 .. 3,. ... 1 
ReADe I.B)(R( I.J),J-I.52) 
8 FDRMAT(20r1.1~20r1.1~12r1.1' 
9 CONTtN~( 
READe I.SlCLPCN).,..- •• 12) 
RE:AD( I.S )(LOf N ),,..- •• 12) 
READ( I.S lCLR'N)ON~I.12) 
297 
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"ITRATE noDel or ROTkCR BA~I" 
READe 10 5 )( lSC 1'1), 1'1-10 12) 
5 FORMATCI213) 
READC 105 )ClTCI'I ).1'1-1.12) 
RE:ADe 105 XlU(f'I).I'I-I.12) 
DO 12 1-1.38 
READe I. 10)(I'I"C I.J).J-I.5) 
10 FORMIITC 511) 
12 COI'ITlI'IIJE: 
I::E:ADC It 360 'C RO( J ) oJ· I .52 ) 
READe., 3G0)( ABC J). J'- 10 52) 
3S0 FORMRTC20F4.1) 
READC 10501 )(OQ(I'I).I1-.,5) 
REAOCl .501 )C OBC 11 ).1'1-1.5) 
501 FORMAHsrS.J) 
C.... OPTIOI'IAL srCTIOI'I UHICH II'ISERTS LAND USC onTA FOR rEAR 2 
DO 3J0 J-I.S2 
"CC J)_AQI J).7.e 
I1BC J l-ABC J ).7 .0 
339 COIiTlI'll..oC 
00 3i!1 J-I.36 
XX-OXC J) 
00 322 1<-108 
L-J"S-S+I( 
"-1<+17 
DOC to.l )-XX 
IFC".ro.~) GO TO 3Z1 
DOC".L )-Xl( 
324 COI'ITINUe 
3Z2 COIiTl NUE 
321 COI'ITINUE: 
C •••• ,' OPTI~ SE:CTIOI'I UhICH CORRECTS SC~CE DISCHARQ(S FOR rEAR 2 




c ••.. ·. ConPUTATIOI'IOr- RCCRCSSIOI'I MOOCl TO PRODUce 8 ~AI'I VALUES or-
C I1ITRATE I1ITROGeN CONCEI'ITRATIOI'I r-OR 38 suo BASINS ANQ 
C ARRnNGC THC" Il1ro 3GXS MATRIX 
00 521 I-I.28S 
SIJM( 1"'0.11 
00 521 J·I.24 
XX·BXC J).OO( J.I) 
SUMC I )-SUM< I )+Xl( 
521 COFiTlNUE: 
00 301 J-I.3A 
00 301 I<-"S 
"-JaS-S+1( 
OC J. K )"SUMe M) 
3el CONTII'ItI[ 
PflCE -
C ••.•. , COMPUTATIOtI AND PRII'ITII1G OF 52 u[CklT VALUES FOR 38 SUB BASII'IS 
C [OUA~ TO APPROPRIATE: nCAI'! VALUCS 
00 71e LL.1011 
00110 I<l<w 10 8 
JJ·110Ckl< ) 
"-I<I< 
00 11e I<-I.JJ 
• 
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NITRATE: nooE:l OF ROTHER BASIN 
"'1sN1J( I( ,KIO 
CCll.m)cOC ll.,,) 
718 COr1f1N:JE: 
C.... COMPUTATION OF I£EKlT AMOUNTS OF BA5rnOU AND OUICl(rLOIJ FRON 
PAGE -
C EACII SIJB BASIr1 fINO I.J£[KLT B'ISrrLOIJ AND OUICl(rLOU AT E:ACH $TATlOIi 
DO 520 N~I,S2 
CO 520 J-h5 
NN~N 
JJ.J 
Oat "'10 JJ )"r10e r1r1 ).ooe JJ ) 
- 528 CONTINLE: 
DO 530 r1~hS2 
DO 530 J-hS 
ttrfa.I'I 
JJsJ 
BBC 1'1'1, JJ ).r1g(,..,.. ).OBC JJ) 
539 COr1T1NUE 
DO 519 1'1'1-1.52 
DO 5'19 JJ-I.5 
Q("H,JJ)=CO'NN,JJ)'BBCI'IN,JJ) 
519 COr1f1N1J£ 
DO 30 1'1'1-" 36 
00 39 JJsh52 
RRC,. ..... JJ )-9.8 
39 COMTlI'1lI£ 
DO 59 1'1'1-1036 
00 55 JJ-ItS2 
DO 35 U-.,S 




DO 20 N"I.12 
DO 29 1(- .. 52 
Nr1·LPC") 
NM-LO(r1) 
RCN'I.I( )"RRe "",1() 
29 COr1TINlJ£ 




CO 18 1(-1.52 
R( nn.1( )-IU MN. I( >'RRC oJJ. I() 
19 COr1T1r11J£ 
DO 22 1(-1,52 
R( 3,1( »OR( 1,1( )'Rt 2,1( )+R~e 3.1() 
R( 1, I( )aR( 3.1( )'R( 13.1( )'R( 37.1( )'RA'S.I() 
R( S.I( )-I!( 19,1( )'Re 16.1( hR( 4. I( )'RR( 13.1() 
Re 26.1()-Re 2S.IO'R( 3B.1( )oRR' 29.1() 
Re 6.1( )oaRC 26. I( )'R' 22.1( )'R( 5,1( )'R' 3'l,1( )'RR< 21. I() 
Re 7.1( )~ReG,1( "R' 30.1( )'RR( 26.1(' 
Re32.I()~Re 31.1( )'Re '19.1( )'RRC 28·1(' 
Re3J.I()~R(32,1()·I!R'29.1() 
RC 31.1( )"R( 33.1( )'RRe 39,1() 
Re 8.1( )-R( 7,1( )'Re 31,1( )'Re 11,1( ).R/ 3':i.1( )'RRe 31.1() 
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1 
tllTRATt MODEL 01' RDThlR SASIH 
R(9,1( )~R( a.1( l+R! 3r.,1( )+RRC 34,1() 
RC Hlol( )~RC 9.1( )+RC II ,IO+RR(3r., I() 
22 CCtlTlNU£ '" 
C.... CD"PUTATIOH OF ~tKLY COHCtHTRATIONS AT STR£A~ ~[AO STATIOHS 
DO 23 1'1-" 12 




23 COHTIN~[ , 
C.... CO"PUTATION OF ~EKLY CONCNENTRRTIONS AT ~STR(A" STRTIONS 
00 25 N"I.12 




CC(NI"IoIt)-( RC JJ.I( )occe JJ.I( )oRR( 11"1.1( )oce PI'1.I() )'ReI!r'hI( ) 
2S CONTlN:..t 
DO 3Z l(a.,S2 
CC(3.1( )·(R~ 2.1( )occe 2.1t )+R( It I( )accr 1.1( )'RRC 3.1( laC' 3.1t »'R( 3.1t) 
CC(1.1( )a( RC 3.1t )occe 3.1t )oR( 13.1( )aCe' 13.1( loR' 3,".1( )oC' 3.".1( )oRR' 8.IOoC 
1C6.1t»'R(1.1t) 
CC(S.I()a(RC1.It)oCCI1.I()+R( 11.10oCC( II.I()ORC IS.l(l.Cer 19.I()ORRC \3.l(l 
I'C( 13.1() )'RC 5.1() 
CC(26.1t)·(RC2S.I()'CCC2S.I()'RClB.I()'C(3B.l(l+RR(2e.It).C(2e.I(»'R(2B. 
II( ) 
CC(S,1t )a( RC 5.1( )oCC'S,1( )oRC 22.1( ).ccr 22.1( )+R( 21.1( ).ccr C!8.1t ).It' 19.1()0 
ICC l!hl( )+RRC 21.1( )oC'21.1( » ... Rr 1.1() .' 
CCC1.1( )-CRCI.I( )occr6,1( )+RC 30.1( ).ccr 30.1( )'RR' 2S.1( )ocr 2S.1( »'R' 1.1( 1 
CC( 32.1( )aC RC ll.1( )oCC( 3101( )+RC 10.1( )oC( 10.1( )'RR( 28.1( )'Ce 28.1() )'It( 32. 
II() 
CC(33.1( )eC RC32.1( ).CC( 32.1( )+RR( 2'3.1( ).ce 2'3.1( ) )'Re 33.1() 
CC( 34.1( )a( RC 33.1( loCCe 33. I( )'RRC 30.1( ).cr 30.1() "RI34.1( ) 
CC(8.1( )-C R( 1.1( ).ccr 1, I( )'RC 3Z.1( ).CC' 32.1( )'10:141.1( ).Cr 41.1( )'RR' 3I,I(). 
IC(31.1(»"RCB·I() 
CC(9.1( )~ot(a .. ( ).ce' B.1t )+RC 3~.1( ).cel 3r..1( )+RR' 34.1( l.cr 34.1( "'R' '.1() 




PACE - s 
C.... . COMPUTRTION OF neAN5 OF WCEKLT VRL~S FOR [ACH SrRSON ANa DIS~RO[ 
C STATC rOft 36 STRTIONS 
DO 195 11-1036 
DO 190 1(-1.8 
JaNDCI( ) 
SUM< I( )-ra.ra 
DO 180 I(KaloJ 
n·tUlCI(I(,I() 
SUM< I( )aSUnC I( ).ccr N. n ) 
l.era CONTI~[ 
SUM< I( ).SUn( I( )" J 
190 COI1T IN:Jt 
IIR ITt( 2" 96 IN 
IIltITC( 2.197)( SUMCI( ).1(-1, 8) 
198 fO~M~TC'''~, • n[RN VALLtS AT STRTION • ,lIe) 
197 f'ORMIH( N, III)(.S"8.1) 
195 CONTINUe 
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